
- .  
/* I 

- . I  

~ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION W Q  7-41 ;5 
WASHINGTON DC 20546 TELS w o  j-#,g7: 

FOR RELEASE: SUNDAY 
June 4, 1967 

RELEASE NO: 67-124 

PROJECT: MARINER E/VENUS 67 
(To be launched no ea r l i e r  
than June 12) 

CONTENTS 

5/24/67 



N E w s NATIONAL AERONAUTICS AND SPACE ADMINISTRATION WO 2-4155 
WASHINGTON,D.C. 20546 TELS* W O  3-6925 

FOR RELEASE: SUNDAY 
June 4, 1967 

RELEASE NO: 67-124 

MARINER/VENUS 

SET FOR JUNE 

LAUNCH AT CAPE 

A 540-pound Mariner spacecraf t  w i l l  be launched from Cape 

Kennedy, F la .  no earlier than June 12 on a four-month-long 

mission t o  Venus. 

Mariner 's  t r a j e c t o r y  w i l l  take It t o  wi th in  some 2,000 

miles of Venus on O c t .  19, about t e n  times c l o s e r  t o  the p lane t  

than  Mariner SI i n  Dec. 1962. Mariner 's  looping f l i g h t  t o  

Venus w i l l  cover 212.5 mi l l i on  miles. 

Primary ob jec t ive  of t h e  Mariner Venus 1967 mission is t o  

ob ta in  s c i e n t i f i c  i n f o m a t i o n  on the o r i g i n  and na ture  of Venus 

and i t s  environment. 

Venus is largely an unknown planet  because of i ts  thiak cloud 

envelope . 
Although it is the c l o s e s t  p lane t  t o  Earth, 

The Venusian atmosphere itself is a mystery w i t h  t heo r i ea  

of i t s  dens i ty ,  f o r  instance,  ranging from f i v e  t o  s e v e r a l  

hundred times the dens i ty  of t h e  Earth's atmosphere. 

The Mariner Venus mission also w i l l  gather information on 

the i n t e r p l a n e t a r y  environment during a per iod of increas ing  

s o l a r  a c t i v i t y .  F l i g h t  time t o  Venus will vary from 114 t o  130 

days depending upon the day of launch. 
-more- 5/24/67 
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The launch per iod covers a period of about two weeks 

beginning June 12. An opportunity t o  launch t o  Venus comes 

once every 19 aionths. 

An Atlas-Agena D vehic le  w i l l  launch the Mariner Venus 67 

mission from Cape Kennedy Complex 12. 

Beeore modification, t he  spacecraft being prepared f o r  

t h i s  mission was a backup t o  Mariner IV which, i n  July 1965, 

f l e w  wi th in  6,200 miles of Mars, took 22 photographs of the 

p lane t ,  and obtained o t h e r  s c i e n t i f i c  data. 

MaJor changes i n  the spacecraf t  r equ i r ed  by a f l i g h t  toward 

rather than away from the Sun include the r e v e r s a l  and reduct ion 

i n  s i z e  of the s o l a r  panels; the a d d i t i o n  of a thermal shield 

on the Sunward side of Mariner's octagonal spaceframe; and re- 

l o c a t i o n  of science instruments and sensors.  

Other changes from the Mariner IV design are required by 

t r a j e c t o r y  c h a r a c t e r i s t i c s  and a new l ineup  of s c i e n t i f i c  experi-  

ments. 

s c i e n t i f i c  information f o r  transmission t o  Earth; a two-position 

high ga in  antenna; removal of the  scan platform on which Mariner 

IV's camera was mounted; and the  a d d i t i o n  of antennas and re- 

c e i v e r s  t o  accommodate the dual-frequency o c c u l t a t i o n  experiment. 

They include a new data automation system fo r  preparing 

-more- 
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The in t e rp l ane ta ry  science payload w i l l  include instruments 

similar t o  those c a r r i e d  t o  Mars by Mariner IV. 

probe, a trapped r a d i a t i o n  de tec tor  and a helium vapor magnet- 

ometer w i l l  r epo r t  on r a d i a t i o n  and magnetic f ie lds  from Earth 

t o  Venus and beyond. 

A salar glarjma 

A t  Venus, the S-band and dual-frequency occu l t a t ion  experi-  

ments w i l l  provide data on the properties of the atmosphere and 

the u l t r a v i o l e t  photometer w i l l  measure two elements -- atonsir 

hydrogen and atomic hydrogen and atomic oxygen -- i n  the uppw 

Venusian atomsphere. 

measurement 8 . 
Temperature may be deduced from these 

By c o r r e l a t i n g  o r b i t a l  information from Mariner Venus 67 

w i t h  that from Mariner 11, celestial  mechnaics experimenters 

w i l l  be able t o  increase  the  accuracy of t he  following values:  

mass and ephemeris of Venus; mass of the Moon; ephemeris of Earth; 

and the astronomical u n i t  (Earth-Sun d i s t ance ) .  

The c l o s e  approach of Mariner t o  Venus w i l l  have a r a d i c a l  

e f f e c t  upon the spacec ra f t ' s  o r b i t  which, a f te r  fly-by, will 

br ing  it closer t o  the Sun than any previous mission. 

An attempt w i l l  be made t o  track Mariner as long as poss ib le  

af ter  the Venus encounter because every a d d i t i o n a l  day of telemetry 

received and analyzed may mean f u r t h e r  refinement of our  know- 

ledge of t h e  s o l a r  system. 

-more- 
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Mariner Venus 67 w i l l  be redesignated Mariner V upon 

successfu l  launch. 

18 feet  w i t h  s o l a r  panels  extended. So la r  panel sur face  area 

totals  434 square feet, a reduction from 70 square feet  on 

Mariner IV. 

The spacecraf t  s tands  93 feet  high and spans 

The 67 Venus mission w i l l  be conducted by s u b s t a n t i a l l y  

the same National Aeronautics and Space Administration-Jet  

Propulsion Laboratory team tha t  conducted the  1964 Mars mission. 

T h i s  team a l s o  will conduct t h e  cont inuat ion of data a c q u i s i t i o n  

from Mariner IV during 1967. 

For NASA, the Mariner Venus 67 mission i s  managed by Lunar 

and Planetary Programs of the Office of Space Science and Appli- 

c a t i o n s  . 
Pro jec t  management as w e l l  a s  r e s p o n s i b i l i t y  f o r  the  space- 

craft ,  mission operat ions,  and tracking and data a c q u i s i t i o n  i s  

assigned t o  the  Jet Propulsion Laboratory, Pasadena, C a l . ,  which 

is managed f o r  NASA by the Cal i forn ia  I n s t i t u t e  of Technology. 

Atlas-Agena p r o j e c t  management is  assigned by OSSA'S Launch 

Vehicle and Propulsion Programs at N A S A ' s  Lewis Research Center, 

Cleveland. The launch w i l l  be conducbed by the John F. Kennedy 

Space Center ' s  Unmanned Launch Operations team. 

(END OF GENERAL RELGASE; BACKGROUND INFOFMATION FOLLOWS) 
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MARINER VENUS 67 SPACECRAFT 

Mariner 's  basic s t r u c t u r e  i s  a 32-pound, eight-sided 
magnesium framework w i t h  seven e l e c t r o n i c s  compartments. The 
midcourse rocket propulsion system occupies the eighth compart- 
ment. The compartments themselves provide s t r u c t u r a l  support  
t o  the spacecraf t .  

Four spar s t r u c t u r e s  suppor t ing  f o u r  s o l a r  panels  are 
attached t o  the top  of the octagon i n  a + p a t t e r n  w i t h  the octa- 
gon a t  the cen te r  of the +. 
354 inches wide, are mounted at the outboard ends of the  s t r u c t u r e s  
w i t h  the i r  ce l l  surfaces facing downward, o r  Sunward. 

The panels,  443 inches long and 

Two sets of a t t i t u d e  control  jets cons i s t ing  of six Jets  
each, which b t a b i l i z e  the spacecraf t  on three axes,  are mounted 
on the ends of the s o l a r  panels f o r  maximum torque. 
beyond the  j e t  manifolds on three of the panels are keyhole-shaped 
temperature con t ro l  reference un i t s .  The f o u r t h  panel supports 
a special antenna f o r  t h e  dual  frequency r a d i o  propagation experi- 
ment. 

Extending 

The i n t e r i o r  of the octagon conta ins  gas b o t t l e s  and regu- 
l a t o r s  f o r  Mariner 's  dual  a t t i t ude  con t ro l  gas system. The pro- 
p e l l a n t  tank f o r  the  l iqu id- fue l  midcourse motor i s  supported by 
a c a n t i l e v e r  arrangement in s ide  the octagonal cavi ty ,  with the 
rocket  nozzle protruding through one of t h e  eight sides of the  
spacecraf t .  

The high-gain d i r e c t i o n a l  antenna i s  attached t o  the space- 
c ra f t  by a seven-legged supers t ruc ture  a top  the octagon. Its 
honeycomb dish reflector i s  an e l l ipse ,  46 inches by 21 inches,  
and i s  parabol ic  i n  cross-section. !I?he antenna w i l l  have two 
pos i t ions ,  each of which i s  f ixed w i t h  respec t  t o  t he  spacecraft. 
The f i rs t  pos i t i on  w i l l  be employed from launch u n t i l  it is  i r r e v e r -  
s i b l y  up-dated t o  the second pos i t i on  during occu l t a t ion  a t  Venus. 
The low-gain omni-directional antenna i s  mounted on the end of a 
c i r c u l a r  aluminum tube ,  3.88 inches i n  diameter and r i s i n g  88 
inches from the top  of the  octagonal s t ruc tu re .  The tube a c t s  
as a waveguide f o r  the  low-gain antenna. 

The Canopus star sensor  assembly i s  loca ted  i n  the shade of 
the  spacecraf t  on the  upper ring s t r u c t u r e  of the octagon fo r  a 
c l e a r  f i e l d  of view. Two primary Sun sensors  are mounted on 
pedestals about f o u r  feet apart on the bottom of the spacecraft. 
Secondary Sun sensors,  Earth sensor, p lane t  sensor  and Venus 
h e m i n a t o r  sensor  are at tached t o  the top of the  octagon. 

The eight compartments girdl ing the spacecraf t  house the  
following: Bay 1, power i n v e r t e r s  and synchronizer,  b a t t e r y  
charger and pyrotechnic control  assembly; Bay 2, midcourse 

-more- 
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maneuver rocket engine; Bay 3, science equipment and data auto- 
mation system; Bay 4, data encoder ( te lemetry)  and command sub- 
systems; Bays 5 and 6, r ad io  receiver ,  t r a n s m i t t e r s  and tape 
recorder; Bay 7, c e n t r a l  computer and sequencer, gyros and 
a t t i t u d e  con t ro l  e l ec t ron ic s ;  Bay 8, power booster r egu la to r  and 
spacecraft battery.  

S i x  of the e l e c t r o n i c s  compartments are temperature-controlled 
by light-weight louver assemblies on the  o u t e r  surfaces .  The 
octagon's i n t e r i o r  i s  insu la ted  by mult i - layer  aluminized plastic 
thermal shields  a t  both t o p  and bottom of t h e  s t ruc tu re .  A 
deployable Sun shade complements the bottom shield by forming an  
octagonal awning beyond t h e  periphery of &he spacecraf t  structure 
on the S u n l i t  side. 

The Mariner spacecraft w i l l  carry s c i e n t i f i c  instrumentat ion 
f o r  f i v e  in t e rp l ane ta ry  and planetary experiments. Two o t h e r  
experiments -- S-band occul ta t ion  and the celestial  mechanics 
experiments -- use  only the spacec ra f t ' s  r a d i o  subsystem and the 
Doppler data derived from the  rad io  s igna l .  

The he l ium magnetometer attaches t o  the  low-gain antenna 
support  boom a t  a point  about f i v e  feet  above the body of the 
spacecraft. The trapped r ad ia t ion  detector and u l t r a v i o l e t  photo- 
meter are mounted on the upper octagonal ring, hn the  side of the 
spacecraft away from the Sun, each w i t h  a f i e l d  of view between 
a pair  of s o l a r  panels.  The solar plasma probe looks d i r e c t l y  
a t  the Sun through the lower octagonal ring. One of the  trapped 
r a d i a t i o n  d e t e c t o r ' s  fou r  de tec t ing  tubes  a l s o  po in t s  a t  the Sun 
through an ape r tu re  i n  the sunshade. 

One of the compartments protected by louvers  =- Bay 3 -- 
conta ins  the e l e c t r o n i c s  f o r  t h e  above instruments as w e l l  as the 
dual  frequency r ece ive r  (DFR) . The DFR r equ i r e s  two antennas 
apart from those used f o r  spacecraf t  telemetr and tracking data. 
The DFR antenna f o r  t h e  UHF (423.2 rnegacycleslj channel is mounted 
a t  the outboard end of one of the f o u r  e o l a r  panels.  
s o l a r  panel s t r u c t u r e s  a c t  as the antenna f o r  the DFR 49.8-mega- 
cyc le  channel . 
t op  of the low-gain antenna. With s o l a r  panels  extended, the 
spacecraf t  spans 18 feet. The octagonal s t r u c t u r e  is  50 inches 
ac ross  . 

Two adjacent  

The Mariner weighs 540 pounds and measures feet t o  the 

-more- 
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- Power 

Primary power source f o r  t he  Mariner spacecraf t  i s  an 
arrangement of 17,640 photovoltaic s o l a r  ce l l s  mounted on f o u r  
panels  which w i l l  face the Sun dur ing  most of the f l i g h t  t o  Venus. 
The cells, aovering 43.6 square feet, w i l l  c o l l e c t  energy from 
the Sun and aonvert  it i n t o  e l e c t r i c a l  power. 

A rechargeable s i lver -z inc  b a t t e r y  w i l l  provide spacecraf t  
power during launch, midcourse maneuver and whenever t h e  panels  
are turned away from the Sun. The bat tery will be kept i n  a 
state of full charge and w i l l  be a v a i l a b l e  during p lane t  en- 
counter  as an  emergency power backup source.  

Two power r egu la to r s  w i l l  d iv ide  the  power load and provide 
redundancy. I n  the event of a f a i l u r e  i n  one, i t  w i l l  be removed 
au tomat ica l ly  from the l i n e  and the  second w i l l  be switched i n  

. t o  assume the f u l l  load. 

The s o l a r  panels  w i l l  be folded i n  a near  v e r t i c a l  p o s i t i o n  
above the  spacecraft during launch and w i l l  be deployed af ter  sep- 
a r a t i o n  from the launch vehic le ,  Each panel weighs 15.6 pounds, 
including the  w e i g h t  of s o l a r  c e l l s  and p ro tec t ive  glass f i l t e r s  
that reduce the  amount of s o l a r  heat absorbed without i n t e r f e r i n g  
w i t h  the energy conversion. Lightweight panel s t r u c t u r e s  t ha t  
support  the ce l l s  are made of thin-gauge aluminum approximately 
the  th ickness  of k i tchen  f o i l .  Panels are consbructed of .OO5- 
inch aluminum sheet formed i n t o  a corrugat ion that i s  bonded t o  
the the  cell-mounting sur face  also made of .005-inch sheet . 

Normal power from the panels i s  expected t o  be 370 watts a t  
maximum power vol tage  f o r  c ru i se  condi t ions  i n  space near  Earth. 
This power c a p a b i l i t y  increases  t o  about 550 watts a t  Venus en- 
counter.  Tota l  power demands during the  mission range from about 
180 watts during launch t o  281 watts during a midcourse maneuver. 

The b a t t e r y  i s  a sealed u n i t  containing 18 s i lve r - z inc  cel ls .  
Its minimum capac i ty  ranges from 1200 w a t t  hours a t  launch t o  about 
900 w a t t  hours a t  p lane t  encounter. 
t e r y  may vary between zero amps and 9.5 amps wi th  bat tery vol tages  
expected t o  vary from 25.8 t o  33.3 v o l t s .  
pounds . 

Load requirement on the bat-  

The battery weighs 33 

The b a t t e r y  w i l l  be capable of de l ive r ing  i t s  required capac i ty  
and meeting a l l  electrigal requirements wi th in  an opera t iona l  
temperature range of 50 t o  120° F. A t  temperatures beyond these 
l i m i t s ,  it w i l l  s t i l l  funct ion although i ts  c a p a b i l i t y  w i l l  be 
reduced . 

To insu re  maximum r e l i a b i l i t y ,  t he  power subsystem was 
designed t o  l i m i t  the  need f o r  ba t t e ry  power a f t e r  i n i t i a l  Sun 
acqu i s i t i on .  Except during maneuvers, t h e  ba t te ry  w i l l  remain 
i d l e  and f u l l y  charged. 

-more- 
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Under normal f l i g h t  conditions,  the primary power booster-  
r e g u l a t o r  w i l l  handle a l l  cruise and encounter loads. A second 
regulator w i l l  support  power loads during maneuvers. Should 
a n  out-of-tolerance vol tage condi t ion e x i s t  i n  the cruise regu- 
l a t o r  f o r  3.5 seconds o r  longer,  t h e  maneuver r egu la to r  w i l l  
take its place on the l i n e .  

Primary forrn of power d i s t r i b u t e d  t o  o t h e r  spacecraf t  
systems is  2,400 cycles-per-second square wave. 
motors u s e  400 cps three-phase current .  
i s  supplied w i t h  400 cps single-phase cu r ren t  during t h e  launch 
phase of the f l i g h t ,  2,400 cps power fo r  recording a t  encounter 
and 400 cps power during data playback. 
and t h e  power amplifier por t ion  of t he  t r a n s m i t t e r  w i l l  r ece ive  
r a w  power from the  s o l a r  panels o r  the battery. 

The gyro sp in  
The tape recorder  motor 

The magnetometer heater 

Telemetry measurements have been selected t o  provide the 
necessary information f o r  the management of spacecraf t  power 
loads  by ground command i f  necessary. 

The ba t t e ry ,  regula tors ,  and power d i s t r i b u t i o n  equipment 
are housed i n  bwo adjacent  e l ec t ron ic s  compartments on Mariner 's  
octagonal base. 

Communications 

Two-way communication w i t h  the Marimr w i l l  be accomplished 
w i t h  a r a d i o  link between Earth tracking s t a t i o n s  and a dual  
t r ansmi t t e r - s ing le  r ece ive r  radio system aboard the  spacecraf t .  

The on-board communication system a l s o  inc ludes  a telemetry 
subsystem (data encoder), command subsystem, tape recorder  and 
high and low-gain antennas.  

Communications w i l l  be i n  binary d i g i t a l  form. Radio command 
s i g n a l s  t ransmit ted t o  Mariner will be decoded--translated from 
the b inary  form i n t o  e l e c t r i c a l  impulses--in the command sub-  
system and routed t o  the i r  proper des t ina t ion .  Mariner is capable 
of accept ing  29 d i r e c t  commands and one q u a n t i t a t i v e  command. 
The l a t t e r  i s  a three-segment command f o r  midcourse t r a j e c t o r y  
maneuver and is s to red  i n  the c e n t r a l  computer and sequencer u n t i l  
required . 

Data telemetered from the spacecraf t  will c o n s i s t  of engineer- 
i n g  and science measurements prepared for t ransmission by the 
data encoder. The encoded i n f o m a t i o n  w i l l  i n d i c a t e  vol tages ,  
pressures, cu r ren t s ,  temperatures, and o t h e r  values  measured by 
the spacecraf t  telemetry sensors  and s c i e n t i f i c  instruments.  

-more- 
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The 100-channel telemetry subsystem can sample 90 engineer- 
ing  and science measurements and can operate  I n  fou r  sequences 
i n  which the data t ransmit ted a re  (1) engineering only during 
maneuvers; (2 )  a mix of two-thirds science and one-third engineer- 
ing data during launch and cru ise ;  (3)  a l l  science a t  p lane t  
encounter w i t h  brief i n s e r t i o n s  of engineering a t  a r a t i o  of 
about three par ts  engineering t o  100 parts science; and ( 4 )  s tored  
science data played back from the tape recorder  a f t e r  Venus en- 
counter  w i t h  per iodic  in se r t ions  of real  time engineering measure- 
ment s. 

During c ru i se ,  engineering data and most science data w i l l  
be t ransmi t ted  i n  real time. During the two-hour period covering 
c l o s e s t  approach t o  Venus, a l l  of the  science data w i l l  be stored 
by the tape recorder.  Simultaneously, the encounter science 
data compatible w i t h  the telemetry b i t  rate (8 1/3 b i t s  p e r  second) 
w i l l  be t ransmi t ted  i n  real time. 

Purpose of the four-sequence operat ion of Mariner 's  telemetry 
subsystem is  t o  obta in  the maximum a v a i l a b l e  sampling rate on 
measurements requi red  d u r i n g  a par t icu lar  phase of the mission 
by not t r ansmi t t i ng  less usefu l  information during that period. 

Mariner can t ransmit  information t o  Earth a t  two rates -- 
The greater 33 1/3 b i t s  per second and 8 1/3 b i t s  p e r  second. 

rate w i l l  be used  f o r  as long a s  the s igna l  l e v e l  from the  space- 
c r a f t  i s  high enough t o  allow good data recovery. Switching t o  
the  lower rate normally i s  commanded by the c e n t r a l  computer and 
sequencer about 30 days after launch. The automatic switchover 
is backed up by ground command. A ground command is  a v a i l a b l e  
a l s o  t o  switch the  telemetry r a t e  back t o  33 1/3 b i t s  per second, 
but i t s  u s e  i s  un l ike ly  during t h i s  mission. 

Synchronizing pu l ses  w i l l  be spaced a t  r egu la r  i n t e r v a l s  
between the data s i g n a l s  from Mariner. Ground-based rece iv ing  
equipment w i l l  generate  i d e n t i c a l  p u l s e s  and match them wi th  the  
p u l s e s  from the spacecraf t .  T h i s  w i l l  provide a reference t o  
determine the loca t ion  of the data s igna ls ,  al lowing rece iv ing  
equipment t o  separate data signals from noise.  

The spacecraf t  S-band rece iver  w i l l  opera te  continuously 
during the mission a t  2116 mega he r t z .  It w i l l  r ece ive  Earth 
commands through e i ther  the low-gain antenna o r  the high-gain 
antenna. 

The low-gain antenna, providing e s s e n t i a l l y  uniform coverage 
i n  t he  spacecraf t  hemisphere facing away from the Sun, w i l l  pro- 
vide the  primary path f o r  the Earth-to-spacecraft  r ad io  l i nk .  
Switcbover t o  the  high-gain antenna and back t o  the low-gain, i f  
desired,  may be commanded from Earth.  

-more- 
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The t r ansmi t t i ng  subsystem c o n s i s t s  of two redundant 

r ad io  frequency power amplifiers and two redundant r a d i o  fre- 
quency exciters of which any combination i s  possible .  
one exc i te r -ampl i fe r  combination w i l l  opera te  a t  any one t i m e .  
Se l ec t ion  of the combination w i l l  be by on-board logic w i t h  ground 
command backup. 

Only 

The two power ampl i f i e r s  w i l l  opera te  a t  a nominal output 
of seven w a t t s  f o r  the grounded grid c a v i t y  amplifier and 10 w a t t s  
f o r  t h e  t r ave l ing  wave tube  a m p l i f i e r .  Transmit ter  frequency i s  
2,298 megacycles. 

The operat ing t r a n s m i t t e r  can be connected t o  either antenna. 
Switchover w i l l  occur on command from t h e  c e n t r a l  computer and 
sequencer w i t h  ground command backup. Transmission v i a  the high- 
g a i n  antenna w i l l  be required f o r  approximately the f ina l  30 days 
before  encounter. A t t i t ude  of the  spacecraf t  w i l l  be such tha t  
the high-gain antenna is  pointed toward Earth during t h i s  por t ion  
of the  mission. 

Because of the expected extreme dens i ty  of the  Venusian 
atmosphere which w i l l  bend t h e  path of the spacecraf t  r ad io  s igna l ,  
the high-gain antenna w i l l  have two p o s i t i o n s  t o  counteract  t h e  
bending at the p lane t  and keep the  s i g n a l  aimed a t  Earth. The 
first p o s i t i o n  w i l l  be employed u n t i l  t he  period of occu l t a t ion  
(when the  spacecraf t  i s  hidden from Earth by Venus). A s  t he  Venus 
te rmina tor  -- t h e  l i n e  separating the s u n l i t  and darkened por t ions  
of the p l ane t  -- comes i n t o  t h e  terminator  s e n s o r ' s  f i e l d  of view, 
a s i g n a l  is generated t o  s h i f t  the antenna by about 18 degrees. 
The antenna can be s h i f t e d  only once and cannot be returned t o  
the o r i g i n a l  angle. 

The tape recorder  u s e s  50 f e e t  of magnetic tape i n  an  endless  
loop. Science measurements formatted by the data automation 
system are recorded simultaneously on two t r a c k s  a t  66 2/3 b i t s  
per second. Tape speed f o r  recording i s  .08-inch per second. 
Playback of the  data after the spacecraft passes the  p l ane t  w i l l  
take approximately 36 hours a t  a rate of 8 1/3 b i t s  per  second. 
Playback is from one t r a c k  a t  a t i m e  a t  a tape speed of .Ol-inch 
per  second . 

Midcourse Propulsion 

Mariner 's  midcourse rocket  engine i s  a l i q u i d  monopropellant 
engine capable of f ir ing twice d u r i n g  the Venus mission. Its 
func t ion  i s  t o  provide small t r a j e c t o r y  c o r r e c t i o n s  t o  the space- 
c r a f t .  The engine u s e s  anhydrous hydrazine as the  propel lan t  and 
u s e s  n i t rogen  t e t r o x i d e  as t h e  starting f l u i d .  

-more- 
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The rocket nozzle protrudes from one of the eight sides 
of Mariner 's  octagonal base below and between two of t he  s o l a r  
panels.  The engine ' s  d i r e c t i o n  of t h r u s t  i s  near ly  parallel t o  
t n e  panels,  hence perpendicular t o  t h e  longi tudina l  o r  r o l l  a x i s  
of t he  spacecraf t .  

Hydrazine i s  held i n  a rubber bladder contained i n s i d e  a 
sphe r i ca l  pressure vesse l .  The propel lant  i s  forced i n t o  the 
combustion chamber by ni t rogen gas compressing the bladder.  De- 
composition of the  hydrazine, maintained by a c a t a l y s t  s tored  i n  
the chamber, causes the r a p i d  expansion of hot  gases i n  the engine. 

F i r i n g  of t he  engine i s  control led by t h e  c e n t r a l  computer 
and sequencer, which rece ives  t h e  time, d i r e c t i o n  and dura t ion  of 
required th rus t  through the  ground-to-spacecraf t communication 
l i nk .  A t  the  command s igna l  from the CCEGS, explosively-actuated 
valves  allow pressure-regulated ni t rogen gas t o  e n t e r  the fuel  
tank, open t h e  propel lan t  l i n e  t o  the engine and i n j e c t  the start;- 
ing f l u i d .  A timer shutoff mechanism i n  the  CC&S a c t u a t e s  another  
set  of valves which s tops  propel lant  flow and f u e l  tank pressur iza-  
t i o n .  During rocket engine firing, spacecraf t  a t t i t u d e  i s  maintained 
by au topi lo t -cont ro l led  Jet  vanes posi t ioned i n  the  rocket nozzle 
t o  def lect  the engine exhaust stream. 

Re-start c a p a b i l i t y  and redundancy are provided by second 
sets  of explosive start and shutoff valves.  The second midcourse 
maneuver may o r  may not  be required.  

The midcourse motor can burn f o r  as l i t t l e  as 50 mill iseconds 

Maximum burn t i m e  i s  100 seconds. 
and can a l t e r  v e l o c i t y  i n  any d i r e c t i o n  from less than 1/8 mile 
p e r  hour t o  188 miles pe r  hour. 
Thrust  i s  continuous a t  50.7 pounds. 

Launch weight of the midcours: propulsion system, including 
the gas p res su r i za t ion  u n i t  and 212 pounds of f u e l ,  i s  51 pounds. 

At t i tude  Control 

encounter por t ions  of t he  Mariner Venus mission i s  provided by 
a system of 12 cold gas j e t s  mounted a t  the o u t e r  ends of t h e  
f o u r  solar panels.  The jets are l inked by l o g i c  c i r c u i t r y  t o  three 
gyroscopes (one gryo f o r  each of t h e  s p a c e c r a f t ' s  three axes) ,  
t o  the Canopus sensor and t o  t h e  primary and secondary Sun sensors.  

S t a b i l i z a t i o n  of the spacecraf t  during the c r u i s e  and p lane t  

The gas system i s  divided i n t o  two self-contained redundant 
s ec t ions  and each contains  s i x  J e t s  and i s  complete w i t h  i t s  own 
gas supply, regula tors ,  l i n e s  and valves  so that  a leak o r  valve 
f a i l u r e  w i l l  not deplete the gas and jeopardize the mission. Each 
system i s  fed n i t rogen  gas from a t i tanium b o t t l e  containing 2.5 
pounds of gas pressurized a t  2470 pounds pe r  square inch. 

-more - 
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Normally, both gas systems w i l l  operate  during the  mission. 
E i ther  system can support t h e  e n t i r e  f l i g h t  i n  t h e  event of a 
f a i l u r e  i n  t h e  o t k r .  

the  as system i s  designed t o  operate i n  the temperature range 
of -85' t o  +215' F. 

Because of high temperatures expected on t h e  Venus mission, 

The primary Sun sensors are mounted on t h e  s u n l i t  s ide of 
the spacecraf t  and the secondary sensors on the shadowed side. 
The sensors  are l i g h t - s e n s i t i v e  diodes which inform the  a t t i t u d e  
con t ro l  system when they  see t h e  Sun. The a t t i t u d e  con t ro l  system 
responds t o  these s igna l s  by turning the spacecraf t  and point ing 
the s o l a r  panels toward the Sun f o r  s t a b i l i z a t i o n  on two axes 
and f o r  conversion of s o l a r  energy t o  spacecraf t  power. Nitrogen 
gas escapes through the  appropriate  j e t  nozzle,  imparting a 
r eac t ion  t o  the spacecraf t  t o  cor rec t  i t s  angular  pos i t ion .  

The star Canopus, one of t h e  br ightest  i n  the galaxy, w i l l  
be used t o  point the high-gain antenna toward Earth and t o  pro- 
vide a second c e l e s t i a l  re fe rence  ( i n  add i t ion  t o  the Sun) upon 
which t o  base the midcourse maneuver. The Canopus sensor w i l l  
a c t i v a t e  the gas jets t o  r o l l  t h e  spacecraf t  about the already- 
f ixed  long i tud ina l  o r  roll a x i s  u n t i l  i t  is  ''locked'' i n  c r u i s e  
pos i t ion .  Canopus acqu i s i t i on  occurs when the l i g h t  i n t e n s i t y  i n  
the  f i e l d  of v iew of the  sensor is  greater than one-half t ha t  of 
the star Canopus. Brightness of the s e n s o r ' s  target w i l l  be 
telemetered t o  the  ground t o  v e r i f y  the co r rec t  s tar has been 
acquired . 
sensor  w i l l  be updated t o  compensate f o r  t h e  changing angular  
r e l a t i o n s h i p  between the  spacecraf t  and the star. The senso r ' s  
f i e ld  of view o r  "look angle" w i l l  be changed e l e c t r o n i c a l l y  t o  
fol low Canopus throughout the f l i g h t .  The update,  which w i l l  
occur fou r  times a t  approximately two-week i n t e r v a l s ,  w i l l  be 
commanded a t  predetermined times by the on-board c e n t r a l  computer 
and sequencer w i t h  ground command backup. 

A t  approximately two months p r i o r  t o  encounter,  the  Canopus 

Because a Canopus sensor  f a i l u r e  p r i o r  t o  midcourse maneuver 
probably would preclude the  maneuver, a n  Earth sensor  i s  used  
t o  provide a r o l l  re fe rence  backup. The Earth may be used as 
a crude roll1 re ference  t o  f i x  the s p a c e c r a f t ' s  p o s i t i o n  f o r  a 
maximum of 20 days a f te r  launch. 
sensor  provides a poss ib le  aid i n  Canopus i d e n t i f i c a t i o n .  If 
the Earth comes i n t o  t h e  f i e l d  of view during the Canopus acquis i -  
t i o n  sequence, it w i l l  be indicated i n  t he  telemetry.  With the 
known geometrical  r e l a t i o n s h i p  between Earth and the stars, the 
r o l l  search rate and the time Earth was "seen," the s tar  then 
acquired by the Canopus sensor  can be i d e n t i f i e d .  

A secondary func t ion  of the Earth 

-more- 
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During f i r i n g  of the midcourse motor, s t a b i l i z a t i o n  of 
the spacecraf t  w i l l  be e f f ec t ed  by the u s e  of fou r  rudder-l ike 
j e t  vanes mounted i n  the downstream end of the engine nozzle.  
The Mariner 's  au top i lo t  cont ro ls  spacecraf t  a t t i t u d e  during engine 
f i r i n g  by using the three gyros t o  sense motion about the space- 
c r a f t ' s  three axes f o r  posi t ioning the  Jet  vanes. Each vane has 
i ts  own separate con t ro l  system and, because the midcourse motor 
i s  not  mounted along any of t h e  three axes,  each i s  ac t iva t ed  
by a mixture of s i g n a l s  from the three gyros.  
ment of the angles of the J e t  vanes ensures t h a t  t h e  motor t h r u s t  
d i r e c t i o n  remains through t h e  spacec ra f t ' s  c e n t e r  of g rav i ty .  

Two more sensors  round out the a t t i t u d e  con t ro l  system. 
The p lane t  sensor is  used  f o r  on-board i n i t i a t i o n  of t he  encounter 
phase of the  mission. 
the senso r ' s  f i e l d  of view, a s igna l  is  t ransmit ted t o  the data 
automation system t o  i n i t i a t e  the  p lane tary  science recording 
sequence. The terminator  sensor changes the poin t ing  d i r e c t i o n  
of the high-gain antenna. As t he  s p c e c r a f t  passes from the dark 
t o  the s u n l i t  por t ion  of the planet and l i g h t  reflected from the 
day side e n t e r s  t he  senso r ' s  f i e l d  of view, a s i g n a l  i s  generated 
t o  effedt a mechanical change In the  antenna poin t ing  angle. 

Constant ad jus t -  

A s  t h e  l igh ted  l imb of Venus appears i n  

Central  Computer And Sequencer 

The c e n t r a l  computer and sequencer (CCaGS) performs the  
t iming, sequencing and computations f o r  o t h e r  subsystems aboard 
the Mariner spacecraf t .  The CCdCs i n i t i a t e s  spacecraf t  events  
i n  three d i f f e renb  mission sequences -- launch, midcourse and 
cruise/encounter . 

The launch sequence includes spacecraf t  events  from launch 
u n t i l  the cruise mode is established, a maximum of 16 2/3 hours 
a f te r  l i f t o f f .  These events include deployment of s o l a r  panels 
and a c t i v a t i o n  of the a t t i t u d e  con t ro l  subsystem and Canopus 
sensor.  

The midcourse maneuver sequence con t ro l s  the events  necessary 
t o  perform the midcourse maneuver i n  trajectory. 
are commands radioed from E a r t h  and stored i n  the CC&S p r i o r  t o  
i n i t i a t i o n  of the maneuver. They t e l l  t he  spacecraf t  how far  
and i n  which d i r e c t i o n  t o  t u r n  on i t s  p i t c h  and r o l l  axes  and 
how long the midcourse rocket engine must f i re .  

Three of these 

The master timer sequence c o n t r o l s  those events  t h a t  occur 
during the c ru i s ing  por t ion  of f l i gh t  and p l ane t  encounter.  CC&S 
commands during t h i s  sequenue switah the spacecraf t  te lemetry 
t ransmission t o  a slower b i t  r a t e ;  switch the t r a n s m i t t e r  t o  the  
high-gain antenna; per iodica l ly  set the Canopus sensor  a t  var ious 
cone angles;  t u r n  on tape recorder power and enable the  data 
automation system t o  begin t h e  Venus encounter sequence; and switch 
t o  t he  post-encounter telemetry mode f o r  t ransmission of recorded 
data. 

more 



The central computer and sequencer weighs about 11$ pounds. 

Temperature Control 

For a spacecraft t r a v e l i n g  t o  Venus, away f r o m  Earth and 
toward the Sun, the primary temperature con t ro l  problem is  main- 
t a i n i n g  temperatures wi th in  allowable l i m i t s  desp i te  the  increas-  
ing solar i n t e n s i t y  as the misslor, progresses. I n  airless space, 
the temperature d i f f e r e n t i a l  between the s u n l i t  s i d e  and the 
shaded side of an  object can be seve ra l  hundred degrees. 

Heating by direct  sunl ight  on t h e  Mariner spacecraft i s  
minimized by the u s e  of thermal blankets, a deployable sunshade 
and the  placement of solar panels as far  as poss ib l e  from the 
spacecraft's octagonal body. 

The thermal blankets insu la t ing  the octagon -- t o p  and 
bottom -- are sandwich assemblies of mul t ip le  layers of aluminized 
Teflon and Mylar t o  reflect heat from the  s u n l i t  side of the  
spacecraft and, on the  opposite side,  t o  r e t a i n  heat generated 
by power consumption wi th in  the  spacecraft. Small thermal blankets 
shade the trapped r a d i a t i o n  de tec to r  and the  gas Jet  assemblies. 

The deployable sunshade complements the sunside thermal shieltd 
by forming a n  octagonal awning which extends about 10 inches 
beyond the periphery of the spacecraf t  s t ruc tu re .  During launch, 
t he  shade -- cons i s t ing  of a s ing le  sheet of aluminized Teflon 
stretched on a l ightweight frame -- i s  i n  a retracted pos i t ion .  
It is  deployed t o  i t s  extended pos i t i on  a t  the  t i m e  of s o l a r  panel 
deployment. The shade pro tec ts  u n i t s  extending beyond the octagon. 

Temperature con t ro l  of sir of the e l e c t r o n i c s  compartments 
i s  provided by polished metal louvers  ac tua ted  by co i l ed  bimetallic 
s t r i p s .  The strips a c t  as spiral-wound spr ings  that expand and 
con t r ac t  as they heat and cool. T h i s  mechanical ac t ion ,  which 
opens and closes the louvers,  is gal ibrated t o  provide a n  operat-  
ing range from f u l l y  closed a t  50 F. t o  f u l l y  open a t  900 F. A 
louver  assembly c o n s i s t s  of 22 ho r i zon ta l  louvers  dr iven  i n  pairs 
by 11 actua tors .  Each pair  operates independently on i t s  own 
l o c a l  temperature determined by i n t e r n a l  power d i s s ipa t ion .  

Paint  p a t t e r n s  and polished metal sur faces  are used on the 
Mariner f o r  passive cont ro l  of temperatures outs ide  of t h e  pro- 
tected octagon. These surfaces  con t ro l  both the amount of heat 
diss ipated i n t o  space and the amount of solar heat absorbed o r  
reflected away, allowing t h e  establishment of temperature l i m i t s .  
The p a t t e r n s  were determined from testing a Temperature Control 
Model (TCM) of the spacecraf t  and the f l i g h t  spacecraft. The TCM 
was subJected t o  the va r i a t ions  of temperature greater than  those 
a n t i c i p a t e d  i n  the Venus mission i n  a space s imulat ion chamber a t  
JPL. 

-more- 



-15- 

Mounted a t  the  outboard ends of three solar panels  are 
temperature con t ro l  reference ( TCR) assemblies which, through 
the telemetry subsystem, w i l l  provide means of comparing preflight 
e s t i n a t e s  of the effects of s o l a r  hea t ing  on the spacecraft w i t h  
those a c t u a l l y  encountered i n  f l i g h t .  The TCRs also w i l l  v e r i f y  
laboratory-derived data on t he  thermal o p t i c a l  p rope r t i e s  of 
painted spacecraf t  temperature c o n t r o l  surfaces .  The u n i t s  are 
i d e n t i c a l  w i t h  the  exception of the  pain$ used on each as a tem- 
pe ra tu re  con t ro l  sur face  and t h e  thermometers monitoring the 
temperatures of t he  assemblies. Each TCR is a key-shaped plast ic  
f i n  coated with the  appropriate  p a i n t  and bonded t o  a metal bracket 
f o r  attachment t o  the t i p s  of the panels.  

-more- 



SCIENTIFIC INVESTIGATIONS 

Despi te  i t s  closeness  t o  Earth and the  measurements of 
Mariner I1 and Earth te lescopes,  Venus remains one of the  most 
mysterious p l ane t s  i n  the s o l a r  system. 

It i s  similar t o  Earth i n  mass, dens i ty  and s i z e  b u t  It 
i s  enshrouded wi th  clouds and no one has ever  seen i t s  surface. 

Because Venus is c l o s e r  t o  the  Sun than  the  Earth, some 
t h e o r i e s  of p lane tary  atmospheres lead t o  t h e  conclusion tha t  
i t s  atmosphere should be thinner  than the  Ear th ' s .  Y e t  most of 
the evidence i n d i c a t e s  a very dense atmosphere, var ious ly  estimated 
a t  from f i v e  t o  severa l  hundred times as dense as the Earth's 
atmosphere. 

Spectroscopic s t u d i e s  have ind ica ted  the presence of carbon- 
dioxide and water vapor i n  very  small amounts but the compoeition 
of the Venusian atmosphere remains 99 per cent  unknown. 

The s c i e n t i f i c  inves t iga t ions  t o  be conducted on the 1967 
Venus mission are designed t o  produce a d d i t i o n a l  information on 
t h e  s t r u c t u r e  of t h e  p l a n e t ' s  atmosphere and on i t s  r a d i a t i o n  and 
magnetic environment. 

The 67 Mariner w i l l  pass within some 2,000 miles of the 
surface of Venus (compared w i t h  21,600 miles f o r  Mariner 11) and 
on t h e  side of the planet  favorable f o r  de t ec t ing  i t s  magnetic 
wake . 

The Mariner Venus 67 experiments are u l t r a v i o l e t  photometry, 
S-band occul ta t ion ,  dual-frequency rad io  occul ta t ion ,  t r apped  
r a d i a t i o n  de tec t ion ,  magnetic f i e l d  measurements, s o l a r  wind 
measurements, and c e l e s t i a l  mechanics. 

The u l t r a v i o l e t  photometry experiment i s  designed t o  measure 
atomic hydrogen and atomic oxygen i n  the upper atmosphere from 
which atmospheric scale height and a temperature p r o f i l e  of t he  
upper atmosphere can be calculated.  

The r ad io  occu l t a t ion  experiments should provide data on 
the  r e f r a c t i v i t y  p r o f i l e  of the atmosphere. Temperatures, pres& 
sures and d e n s i t i e s  can then be deduced by assuming model atmo- 
spheres composed of var ious cons t i tuents .  

The magnetic f i e l d  measurements are designed t o  determine 
the  d i r e c t i o n  and s t r eng th  of any magnetic f i e ld  that may exist  
around Venus as well as provide data on the  in t e rp l ane ta ry  mag- 
n e t i c  f i e l d .  

-more- 
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The trapped r ad ia t ion  experiment w i l l  observe charged 
p a r t i c l e s  of various energies  during in t e rp l ane ta ry  c r u i s e  and 
around Venus . 

The s o l a r  wind experiment w i l l  s tudy the densi ty ,  v e l o c i t i e s  
and d i r e c t i o n  of the r e l a t i v e l y  low energy p a r t i c l e s  of the s o l a r  
wind and t h e i r  poss ib le  in t e rac t ion  w i t h  Venus. 

T h e  c e l e s t i a l  mechanics experiment w i l l  u s e  t racking  data 
t o  f u r t h e r  r e f i n e  our knowledge of the astronomical u n i t  and the  
mass and ephemeris of Venus. 

The three experiments primarily designed f o r  atmospheric 
s t u d i e s  ( u l t r a v i o l e t  photometry and the two occul ta t ion  experi-  
ments) a r e  being flown t o  Venus f o r  the f i r s t  t i m e .  

Information from f i v e  of t h e  experiments w i l l  be processed 
onboard t h e  spacecraf t  by t h e  data automation system i n t o  d i g i t a l  
form s u i t a b l e  f o r  rad io  transmission t o  Ear th .  

Data Automation System 

The experiments cont ro l led  by the data automation system 
(DAS) are the u l t r a v i o l e t  photometer, dual-frequency r ad io  pro- 
pagation, trapped r a d i a t i o n  de tec tor ,  he l ium magnetometer and the 
s o l a r  plasma probe. The S-band occu l t a t ion  experiment and the 
c e l e s t i a l  mechanics experiment do not require  spec ia l  equipment 
aboard t h e  spacecraf t  and are n o t  contol led by t h e  DAS. 

During the  mission, t he  DAS accumulates s c i e n t i f i c  data 
from each of t h e  f i v e  experiments, reduces the data from each 
experiment t o  a common d i g i t a l  form and common rate and then feeds 
the  data t o  t he  r ad io  t ransmi t te r  telemetry channel a t  proper 
i n t e r v a l s .  

The telemetry channel a l t e r n a t e l y  c a r r i e s  280 b i t s  of 
s c i e n t i f i c  data and 140 b i t s  of engineering data i n  the c r u i s e  
phase. 
science data, information on performance of the  s c i e n t i f i c  i n s t r u -  
ments and a small f r a c t i o n  f o r  engineering purposes necessary t o  
maintain ground command capability., 

Data from the in te rp lane tary  instruments are t ransmit ted as 
soon as received and conditioned by the  DAS. During encounter a l l  
science data are recorded on the tape.  However, data compatible 
t o  t h e  te lemetry transmission rate of 8 1/3 b i t s  p e r  second w i l l  
a l s o  be t ransmit ted as real-t ime. 

h r i n g  Venus encounter the 140 b i t s  are used  f o r  add i t iona l  

The DAS is  composed of four u n i t s :  real-time u n i t ,  non-real- 
time u n i t ,  b u f f e r  memory and power converter .  The t o t a l  weight i s  
about 20 pounds. 
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S- band Oc cu I t a  t ion Experiment 

The purpose of the S-band occul ta t ion  experiment i s  t o  
determine the dens i ty  of t he  Vemsian atomsphere by t r ansmi t t i ng  
r a d i o  s i g n a l s  from the spacecraf t  through the  atmosphere of 
Venus t o  Earth. To accomplish t h i s  r equ i r e s  accu ra t e  con t ro l  
of the  t r a j e c t o r y  of t he  spacecraf t  as it passes the p lane t .  

The experiment does not requi re  spec ia l  equipment on the  
spacecraf t  but relies on t h e  s igna l  used t o  t ransmi t  telemetry 
data t o  Earth.  

As the spacecraf t  curves behind Venus, the r a d i o  waves will 
be deflected i n t o  a curved path by t h e  atmosphere and w i l l  change 
i n  frequency and s t rength .  Bending due t o  r e f r a c t i o n  of the waves 
w i l l  occur i n  t he  atmosphere i n  a manner similar t o  l i g h t  waves 
being bent by water. T h i s  effect is  measured i n  the frequency 
s h i f t  of the c a r r i e r  wave. The reduction i n  strength of the s i g n a l  
is caused by unequal bending, o r  defocusing, i n  t he  atmosphere. 

A successfu l  experiment w i l l  cha r t  the  dens i ty  p r o f i l e  of 
t he  atmosphere, t h a t  is, the r a t e  a t  which the  atmosphere inc reases  
in dens i ty  from the top of the atmosphere down t o  ground l e v e l .  

However, because of the  expected high dens i ty  of the Venusian 
atmosphere, there are severa l  u n c e r t a i n t i e s  assoc ia ted  w i t h  t h i s  
experiment. O p t i c a l ,  i n f r a red  and r a d i o  observat ions from Earth 
place values  on the Venusian atmosphere that  range from f i v e  times 
the  dens i ty  of Ear th ' s  atmosphere t o  severa l  hundred times. 

It i s  estimated that i f  the dens i ty  i s  too  great the  r ad io  
s igna l  from the  spacecraf t  may be t rapped  i n t o  a sp i r a l  path about 
the p lane t  and never reached Earth. In  t h i s  case, the dens i ty  pro- 
f i l e  w i l l  be obtained only done t o  some l i m i t i n g  a l t i t u d e  above 
the surface. 

Even a t  lesser d e n s i t i e s  It i s  poss ib le  that  the  r a p i d l y  
increas ing  dens i ty  of the Venusian atmosphere from high a l t i t u d e s  
downward may cause a r a p i d  s h i f t  i n  t h e  frequency of the received 
s igna l .  Ear th t racking  s t a t i o n s  are s p e c i a l l y  configured t o  
accommodate such a s h i f t  i n  frequency t o  enable data a c q u i s i t i o n  
during these periods.  However, i f  frequency devia t ions  exceed these  
c a p a b i l i t i e s ,  data may not be acquired when frequency i s  s h i f t i n g  
a t  a ve ry  high rate. 

The expected bending of the s i g n a l  by the atmosphere w i l l  
be countered by point ing t h e  antenna i n i t i a l l y  i n  the d i r e c t i o n  
opposi te  t o  t ha t  of t h e  expected bending, as a rif leman w i l l  aim 
s l i g h t l y  off  t a r g e t  t o  allow f o r  the e f f e c t  of wind on the b u l l e t ' s  
f l i gh tpa th .  Before the  spacecraf t  emerges from behind Venus, the 
antenna w i l l  be automatical ly  s h i f t e d  by about e ighteen degrees 
i n  the opposite d i r e c t i o n  t o  counter the  bending by the atmosphere 
on the  o the r  side of the p lane t .  

-more- 
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Determination of the densi ty  of the Venusian atmosphere 
i s  an important f a c t o r  i n  the design of p lane tary  landers  i n  
f u t u r e  Venus missions, and i s  a c r i t i c a l  f a c t o r  i n  the  r e so lu t ion  * 

of important s c i e n t i f i c  questions on the na tu re  of the atmosphere. 

Inves t iga to r s  are Dr .  A. J. Kliore,  Je t  Propulsion Laboratory; 
D. L. Cain, Jet Propulsion Laboratory; D r .  G. Fjeldbo, Stanford 
Universi ty;  Dr .  S. I. Rasool, Goddard I n s t i t u t e  fo r  Space Studies;  
Q. S. Levy, Je t  Propulsion Laboratory. 

Dual Frequency Propagation Experiment 

The dual  frequency propagation experiment w i l l  measure 
e l e c t r o n s  i n  the ionosphere of Venus and i n  space during the f l i g h t  
from Earth t o  the (interplanetary magnetic f ields.  Measurements 
from the spacecraf t  can also be co r re l a t ed  w i t h  measurements of 
i n t e rp l ane ta ry  magnetic storms made by o t h e r  spacecraf t  .) 

Electrons i n  the path of t h e  r ad io  s i g n a l  w i l l  cause measure- 
able d i spe r s ion  e f f e c t s  i n  frequency and phase. I n  t h i s  experi-  
ment two harmonically-related frequencies,  (423.3 Mc and 49.8 Mc) 
w i l l  be t ransmi t ted  t o  t h e  spacecraft  from the l 5 O - f t  antenna of 
the  Stanford Center f o r  Radar Astronomy. The high frequency w i l l  
be less a f f e c t e d  by the e lec t rons  i n  the  path of t h e  s igna l  than 
the low frequency. The dual frequency r ece ive r  aboard the space- 
c r a f t  w i l l  compare the  phase s h i f t s  between the two signals, t hus  
measuring the t o t a l  number of e lec t rons  encountered by the s igna l .  

During the f ly-by of Venus the experiment w i l l  measure 
e l e c t r o n  dens i ty  i n  the upper atmosphere as a func t ion  of height.  
The r e s u l t s  w i l l  provide new information on the s t r u c t u r e  of the 
Venus ionosphere. The measurements w i l l  be made on both the day 
and n igh t  sides of Venus during the occul ta t ion .  

The dual  rece iverweighs  approximately s i x  pounds and draws 
less than  two watts of power. A high frequency antenna i s  mounted 
a t  t h e  end of one solar panel and two panels  are u t i l i z e d  as 
antennas fo r  the low frequency. 

The experimenZIers are: Dr. V. R. Eshleman, Stanford Unl- 
v e r s i t y ;  D r .  G. Fjeldbo, Stanford University;  D r .  H. T. Howard, 
Stanford University;  R. L. Leadabrand, Stanford Research Center 
I n s t i t u t e ;  R. A, Long, Stanford Research Center I n s t i t u t e ;  B. B. 
Lusignan, Stanford University.  

-more - 
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Solar  Plasma Probe 

The s o l a r  D l a s m a  Drobe w i l l  measure the dens i ty ,  ve loc i ty ,  
temperature and- d i r e c t i o n  of low energy (45 e l ec t ron  v o l t s  t o -  
9,400 e l e c t r o n  v o l t s )  protons t h a t  stream outward from the Sun 
a t  supersonic speeds t o  form what has been termed the s o l a r  wind. 

So la r  plasma emit ted from the  Sun i s  a bo i l ing  off of the 
Sun's atmosphere. It is  a th in ,  high-velocity,  high-temperature 
gas. It i s  composed of t h e  same material as the Sun, nuc le i  of 
hellum and hydrogen atoms, with hydrogen nuc le i  (protons)  being 
predominant, and enough e lec t rons  t o  make t h e  gas e l e c t r i c a l l y  
neu t r a l .  
t he i r  e l e c t r o n s )  because of t h e  very high temperature of the ou te r  
atmosphere (corona) of t h e  Sun. 

The atoms i n  the s o l a r  plasma are ionized (separated from 

Earlier s o l a r  plasma experiments i n  space, on Mariners, 
Explorers,  Pioneers,  and o t h e r  spacecraft, have provided data 
on the s o l a r  wind. However, t he  changing c h a r a c t e r i s t i c s  of the 
s o l a r  plasma are related t o  a cycle of s o l a r  a c t i v i t y  that  spans 
11  year^. Only a small f r a c t i o n  of the  desired information has 
been obtained. 

The s o l a r  plasma probe is composed of charged p a r t i c l e  v o l t -  
age f i l t e rs  which al low de tec t ion  of protons a t  32 energy bands 
wi th in  a range of 45 t o  9,400 e lec t ron  v o l t s .  From the measure- 
ment of cur ren t  c o l l e c t i o n  I n  each of t he  32 energy ranges, the  
dens i ty ,  ve loc i ty ,  and temperature of t he  plasma can be deduced. 

The d i r e c t i o n  of motion i s  obtained by d iv id ing  the c o l l e c t o r  
i n t o  three pie-shaped sectors. If  the solar plasma enters the 
probe and impinges on the current  c o l l e c t i n g  plates a t  an  angle,  
t h e  s e c t o r s  will not  receive e q u a l  cur ren ts ,  and the d i r e c t i o n  of 
the  plasma's motion can be in fe r r ed  from the cur ren t  r a t i o s  on the  
three sec to r s .  

The plasma probe is mounted on the bottom of the spacecraf t  
bus, pointed d i r e c t l y  a t  t h e  Sun. It weighs seven pounds and 
u t i l i z e d  three watts of power. 

The i n v e s t i g a t o r s  f o r  the plasma probe are Dr .  Herbert L. 
Bridge and D r .  Alan Lazarus of the Massachusetts I n s t i t u t e  of 
Technology and Dr .  Conway W. Snyder of the Jet Propulsion Lab- 
oratory.  

-more- 
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Trapped Radiation Detector 

The purposes of t h i s  experiment are t o  search f o r  mag- 
n e t i c a l l y  trapped r ad ia t ion  i n  the v i c i n i t y  of Venus ( i f  it 
e x i s t s ,  it might be similar t o  the Ea r th ' s  Van Allen bel ts  of 
t r apped  radiation ;measure d i s t r i b u t i o n  and energy l e v e l s  of 
cosmic r a y s  and e 1 ec t rons  i n  in t e rp l ane ta ry  space with special 
re ference  to energe t ic  par t ic les  emitted from the Sun; and search 
f o r  par t ic le  e f f e c t s  i n  the s o l a r  wake of Venus. 

The experiment c o n s i s t s  of four  de t ec to r s ,  three Geiger- 
Mueller t u b e s  and one s o l i d  s t a t e  de t ec to r ,  a s i l i c o n  diode 
covered w i t h  t h i n  n icke l  f o i l  t o  exclude l i gh t .  

The three Geiger-Mueller tubes are shielded so that l o w  
energy particles can only e n t e r  by passing through a window a t  
the end of each tube,  
than 500 thousand e l ec t ron  v o l t s  and e l e c t r o n s  greater than 40 
thousand e l e c t r o n  vo l t s .  
than 900 thousand e l ec t ron  v o l t s  and e l e c t r o n s  greater than 70 
thousand e l e c t r o n  v o l t s .  The so l id  state detector w i l l  measure 
f l u x  and energy of protons i n  th ree  energy ranges varying from 
250 thousand e l ec t ron  v o l t s  t o  two mi l l i on  e l e c t r o n  v o l t s ,  and 
alpha p a r t i c l e s  i n  f o u r  energy ranges varying from 400 thousand 
e l e c t r o n  v o l t s  t o  200 mi l l i on  e l ec t ron  v o l t s .  
tube po in t s  d i r e c t l y  toward t h e  Sun and w i l l  a l s o  count s o l a r  
X-rays . 

Tubes A and B w i l l  detect protons greater 

Tube C w i l l  d e t e c t  protons greater 

One Geiger-Mueller 

The experiment is located on the t o p  of the  spacecraft bus 
and weighs about 2k pounds. 

Inves t iga to r s  are D r .  James A. Van Allen, D r ,  Louis A. Frank, 
and Stamatois M. K r i m i g i s  of the Unive r s i ty  of Iowa. 

Helium Magnetometer 

The s c i e n t i f i c  ob jec t ives  of the magnetometer experiment 
are t o  determine if  Venus has a magnetic f i e ld  and, i f  so, t o  
map i ts  c h a r a c t e r i s t i c s ;  t o  i nves t iga t e  the i n t e r a c t i o n  between 
the  p l ane t  and the s o l a r  wind, and t o  measure the magnitude and 
d i r e c t i o n  of the in t e rp l ane ta ry  magnetic f i e l d  and determine i t s  
va r i a t ions .  

It is  known from the Mariner I1 measurements i n  1962 that 
t h e  magnetic f i e l d  around Venus is much weaker than  Earth's, but 
even i f  Venus were completely nonmagnetic, the s o l a r  plasma f l o w i n g  
around the p l ane t  and i ts  atmosphere would produce a wake o r  t a i l  
similar t o ,  b u t  smaller than, the Ea r th ' s  magnetosphere. Mariner 
67 w i l l  f l y  through t h i s  tai l ,  and the d is turbance  of the  magnetic 
f ie lds  embedded i n  the s o l a r  wind are expected t o  be detectable 
by the  magnetometer. 

-more- 
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The magnetometer may de tec t  a general  magnetic f i e l d  

around Venus i f  such a f i e l d  e x i s t s  and i f  t h e  spacecraf t  tra- 
j ec to ry  penet ra tes  f a r  enough i n t o  
s o l a r  wind around the planet .  I n  t h i s  area a planetary f i e l d  i s  
r e l a t i v e l y  undisturbed by t h e  s o l a r  wind. 

the cav i ty  formed by the  

Knowledge of the in t e rp l ane ta ry  f i e ld  i s  important i n  
understanding the na ture  of s o l a r  cosmic r ays ,  s o l a r  f lares,  
g a l a c t i c  cosmic rays, o r i g i n  of the  s o l a r  wind near  the Sun, 
s o l a r  magnetic f ie lds  and the i n t e r a c t i o n  of t he  s o l a r  wind 
w i t h  the Earth and Moon. 

The magnetometer i s  a low f i e l d  vec to r  magnetometer t h a t  
measures the magnitude of the magnetic f i e l d  and i t s  d i r ec t ion .  

A helium magnetometer i s  based on t h e  p r i n c i p l e  tha t  the 
amount of polar ized l i g h t  that can pass through helium gas, that  
has been exci ted t o  a higher  than normal energy l eve l ,  is depen- 
dent  on the angle  between the l i g h t  a x i s  and the d i r e c t i o n  of 
the  surrounding magnetic f i e l d .  Measuring the amount of l i g h t  
passed through t h e  he l ium gives a measurement of the magnetic 
f i e l d  i n  magnitude and d i rec t ion .  

The l i g h t  source i s  a he l ium lamp i n  the magnetometer. 
The l i g h t ,  coll imated and c i r c u l a r l y  polar ized,  passes through 
a c e l l  containing the exc i ted  helium gas and then impinges on 
an  i n f r a r e d  de tec to r  that  measures the amount of l i g h t  passed 
through the  he l ium gas. 

The magnetometer sensor is loca ted  on t h e  low-gain antenna 
mast t o  minimize the e f f e c t  of the spacecraf t l s ,magnet ic  f ie lds .  
E lec t ron ic s  supporting t h e  experiments are located in a compart- 
ment on the  spacecraf t .  The sensor weighs 1.25 pounds. The 
e l e c t r o n i c s  weigh s i x  pounds. It i s  s e n s i t i v e  t o  f i e lds  of less  
than one-half gamma p e r  a x i s  and the dynamic range i s  + 360 gamma 
pe r  a x i s .  The experiment operates on seven watts of pzwer. 

The inves t iga to r s  are D r .  Edward J. Smith, JPL; D r .  P a u l  
J. Coleman, Jr., University of Ca l i fo rn ia  a t  Los Angeles; 
Prof. Leveret t  Davis, Jr., Cal i forn ia  I n s t i t u t e  of Technology; 
and D r .  Douglas E. Jones, Brigharn Young Universi ty  and JPL. 

-more- 
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Measurements 
should revea l  the 

Ul t r av io l e t  Photometer 

of the upper atmosphere 
dens i ty  and temperature 

(exosphere) of Venus 
of two components, 

atomic hydrogen and atomic oxygen, expected t o  be present' .  The 
data, combined w i t h  information acquired from Earth o r  oy o the r  
spacecraf t  experiments, w i l l  provide a better understanding of 
the Venuaian atmosphere. It is  possible  that the high a l t i t u d e  
measurements of the two elements may y i e ld  information on the 
composition, now unknown, a t  the lower a l t i t u d e s .  

Detection and accura te  measurement of the two elements i s  
made poss ib le  by the  layered s t r u c t u r e  of p lane tary  exospheres 
due t o  t he  p l a n e t ' s  g r a v i t a t i o n a l  f i e l d .  The l a y e r s  are arranged 
according t o  the atomic weight of the components wi th  hydrogen, 
the  l igh tes t ,  a t  top  followed by helium, then oxygen. 

The atoms of hydrogen and oxygen i n  a p l a n e t ' s  upper atmo- 
sphere are excited by s o l a r  energy and emit energy i n  the ultra- 
v i o l e t  range. The photometers w i l l  measure the amount of t h i s  
r ad ia t ion .  From these data the t o t a l  atomic abundance of t h e  
two elements I n  the Venusian atmosphere can be ca lcu la ted .  

From the  v a r i a t i o n  i n  l i g h t  i n t e n s i t y  observed as the photo- 
meter sweeps ac ross  t he  planet ,  the s c a l e  height  of hydrogen and 
oxygen can also be deduced. Defined as the change i n  a l t i t u d e  
required t o  change the dens i ty  by t h e  f a c t o r  2.8, the  s c a l e  height 
i s  a d i r e c t  measure of the temperature a t  var ious l e v e l s  of the 
upper atmosphere. 

The experiment c o n s i s t s  of three photomult ipl ier  tubes,  
amplifiers, high-voltage controls ,  high-voltage power suppl ies ,  
l og ic  c i r c u i t r y ,  and a power module. The t o t a l  weight i s  approxi- 
mately eight pounds . 

The sensor tubes are three i d e n t i c a l  eighteen-stage photomulti- 
p l i e r t u b e s  with cesium iodide photocathodes and l i th ium f l u o r i d e  
windows, but t he i r  s e n s i t i v i t i e s  are d i f f e r e n t  because of d i f f e r e n t  
o p t i c a l  f i l t e r s  mounted ahead of the tubes .  The wave length  sen- 
s i t i v i t y  of the phototubes wi th  the following f i l ters are: Tube 
A, calcium f l u o r i d e  f i l t e r ,  1,250 t o  1,900 Ao; Tube B, barium 
f l u o r i d e  f i l t e r ,  1,350 t o  1,900 AO; Tube C, l i t h i u m  f l u o r i d e  f i l t e r ,  
1,050 t o  1,900 A'. 
proport ional  t o  t h e  i n t e n s i t y  d i f fe rence  between tubes C and A. 
The atomic oxygen dens i ty  measurement i s  proport ional  t o  the in -  
t e n s i t y d i f f e r e n c e  between tubes A and B. 

The atomic hydrogen dens i ty  measurement i s  

The experimenters are: Dr. C. A. Barth,  Universi ty  of Colo- 
rado; D r .  W. G. Fastie, Johns Hopkins University;  K. K.  Kel ly ,  
Universi ty  of Colorado; E. Mackey, Packard B e l l ;  J. B. Pearce, 
Un ive r s i ty  of Colorado; D r .  L. Wallace, K i t t  Peak Observatory. 

-more- 
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C e l e s t i a l  Mechanics Experiment 

The purpose of t h i s  experiment i s  t o  re f ine  bas ic  i n f o r -  
mation on the masses of Venus and the  Moon, the astronomical 
u n i t  (AU) and the ephemerides of t h e  Earth and Venus. The t rack-  
ing data from the 1967 Mariner probe can provide  such information 
and as a consequence make a s ign i f i can t  cont r ibu t ion  t o  the  
f i e l d s  of c e l e s t i a l  mechanics and astrodynamics and f o r  f u t u r e  
p r o j e c t s  requi r ing  accura te  navigation. 

There are severa l  f a c t o r s  i n  t h e  Mariner 1967 mission that  
enhance the value of t h i s  experiment. The t r a j e c t o r y  is  c lose  
enough t o  t h e  planet  that  t h e  planetary mass w i l l  have a pro- 
nounced e f f e c t  on the  f l i g h t  path causing the spacecraf t  t o  cu.rve 
around the p lane t .  Analysis of t racking  data from the encounter 
por t ion  of the f l i g h t  then should y i e l d  new values  f o r  the p l a n e t ' s  
mass, t he  AU and the pos i t ion  of Venus r e l a t i v e  t o  t he  Sun during 
the encounter period. I n  addi t ion ,  t r ack ing  s t a t i o n s  of the  Deep 
Space N e t  are equipped w i t h  atomic s tandards t o  con t ro l  t r a n s m i t t e r  
frequency providing a requi red  accuracy f o r  t h i s  experiment and to 
record observation times. Other improvements i n  the technology 
of o r b i t  determination w i l l  a l s o  enhance the r e su l t s  of the experi- 
ment . 

I n t e r p r e t a t i o n  of the  data from t h i s  experiment w i l l  l ean  
heavi ly  on c o r r e l a t i o n  with data from the Mariner I1 Venus f l i g h t  
i n  1962, radar bounce data obtained from Earth, opt ical  observa- 
t i o n s  and the e x i s t i n g  body of s c i e n t i f i c  knowledge. 

The experimenters are D r .  J. D. Anderson, D r .  L. Efron, 
G. E. Pease, and Dr. R. C. Tausworthe, a l l  of the  Jet  Propulsion 
Laboratory. 

-more- 
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ATLAS-AGENA D LAUNCH VEHICLE 

The Mariner Venus 67 launch vehicle and assoc ia ted  equip-  
ment i s  a l l  fl ight-proven hardware. NASA has  flown the  Atlas 
SLV-3/Agena-D combination on Applications Technology S a t e l l i t e  
and Lunar O r b i t e r  missions.  The spacecraf t  adapter  i s  the  same 
as t h a t  successfu l ly  flown on Mariner IV .  The metal aero- 
dynamic shroud used f o r  Lunar Orbiter has been modified t o  meet 
the needs of Mariner Venus 67. These modifications included: 
providing a ni t rogen purge gas  fitting, i n s t a l l i n g  a spacecraf t  
umbil ical  door and omit t ing the a i r  conditioning door use for 
Orbi te r .  

On-pad spacecraf t  cooling, a r e s p o n s i b i l i t y  of the launch 
vehic le  manager, has d e f i n i t e  limits i n  t he  Mariner Venus 67 
mission. The bulk gas temperature within the shrouds must be 
kept between 40 and 50 degrees F. from the time of gant ry  re- 
moval t o  launch. A cooling blanket designed t o  meet t h i s  re- 
quirement was a l s o  used on Mariner I V .  

Since a Venus launch opportunity occurs only once every 
19 months, a great deal of contingency planning was required 
t o  i n s u r e  t ha t  the spacecraf t  can be launched i n  t h i s  period. 
I n  add i t ion  t o  supplying a n  unusually l a rge  number of space 
vehic le  p a r t s  a t  Cape Kennedy, ava i l ab le  emergency measures 
include : 

- a complete e x t r a  shroud and adapter w i l l  be checked out 
and ready f o r  emergency use i f  required; and 

- emergency provis ions have been made t o  reduce Agena ve- 
h i c l e  weight and thereby increase  the number of poss ib le  launch 
days . 

Like any o the r  p lane tary  launch, t he  job of the Atlas- 
Agena D launch vehic le  is  t o  thread Mariner through a s p e c i f i c  
spot  above the atmosphere a t  a spec i f i c  speed. If t h i s  i s  ac- 
complished, the spacecraf t  w i l l  then have enough energy t o  
ca r ry  it along the  desired pa th  t o  Venus. 

The mission p lan  d i c t a t e s  Venus encounter a t  a p a r t i c u l a r  
date and t i m e .  Therefore, t h e  la te r  the  launch, t h e  s h o r t e r  
the t r i p  time. A s  the  t r i p  becomes s h o r t e r  and faster, the  
launch vehic le  job becomes more d i f f i c u l t  as i l l u s t r a t e d  i n  
the Vehicle Capabi l i ty  Curve . 

The launch vehic le  requirements begin t o  change more and 
more r a d i c a l l y  with each successive day toward the end of the 
launch opportunity.  I n  t h e  cross-hatched are8 the Agena must 
be changed t o  achieve the required vehic le  capab i l i t y .  This 
means removing about 10 pounds f o r  each day beyond June 23. 

-more- 
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Launch Vehicle Events 
* 

The sequencing of launch vehicle  events is  cont ro l led  
by the actual p o s i t i o n  and ve loc i ty  of the vehic le  rather than 
by a pre-programmed time. However, the following are repre- 
s e n t a t i v e  times of launch vehicle  events  such as they might 
occur on an  actual  mission. 

Plus Time 
Event (seconds) 

BECO 129 

Booster J e t t i s o n  131 

SECO 297 

VECO 317 

Shroud J e t t i s o n  320 

Atlas/Agena 
Separat ion 322 

Agena F i r s t  Burn 374 

Agena F i r s t  Burn 
Cutoff 517 
Agena Second 
Burn Start 1,484 

Agena Second 
Burn Cutoff 1,580 

Spacecraf t  
I n j e c t  i o n  1,740 

Miles 
Downrange 

49 

54 

420 

485 

493 

499 

664 

1,200 

4,285 

4,798 

The dura t ion  of Agena first burn i s  

Miles 
Al t i tude  

32 

34 

94 

100 

10 1 

107 

111 

115 

114.6 

121 

241 

Velocity 
0 

6,536 

6,613 

12, 905 

12,891 

12,887 

12,884 

12,825 

17,437 

17,441 

s l i g h t l y  more than  
two minutes. 
hour of launch. Second burn, which takes place over the  
Southern Pac i f i c ,  i s  s l i g h t l y  more than one and one-half in lnu te s ,  
s i m i l a r l y  varying with launch time. 

The exact  dura t ion  i s  dependent on the day and 

To avoid any p o s s i b i l i t y  of contaminating Venus, the 
p r o b a b i l i t y  of Agena h i t t i n g  the planet must  be kept to less 
than one t o  10,000. Th i s  requi res  a posigrade rather than  the 
u s u a l  re t rograde  maneuvero That is, after spacecraf t  separat ion,  
the Agena yaws s l i g h t l y  and the posigrade rocket f i r e  sends the  
veh ic l e  ahead of the Mariner on a non-collision course.  Agena's 
c l o s e s t  approach t o  Venus w i t h  t h i s  maneilver should be aboat 
2,485 miles ,  

-more- 
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Launch Vehicle S t a t i s t i c s  

Total Height (Mariner -Agena-At las ) 105 f e e t  

Total Weight (Mariner-Agena-Atlas) 279,000 pounds 

Height 

Atlas 

68 f e e t  

Agena D 

23 f e e t  

Weight 261,000 pounds 15,600 pounds 

Diameter 10 f ee t  5 f e e t  

Propellants RP-1 fue l  Unsymmetrical dimethyl 
(11,530 gallons) hydrazine U W  (585 
LOX (8,530 gallons) gallons) and inhibi ted 

red fuming n i t r i c  acid 
IRFNA (745 gallons) 

Thrust 388,000 pounds 16,000 pounds a t  
a t  l i f t o f f  a1 t i t u d e  

Propillsion 2 Rocketdyne Bell Aerosystems 
boosters, 1 sus- Engine 
talner,  and 2 
verniers 

Guidance 

Prime 
Contractor 

G.E. Mod 111 Lockheed i n e r t i a l  
reference package 

General Dynamics/ Lockheed Missiles & 
Convair, S a n  Diego, Space Co . , Sunnyvale, 
calif . Calif . 
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TRACKING AND DATA A C Q U I S I T I O N  SYSTEM 

The Jet Propulsion Laboratory has been assigned by NASA 
the r e s p o n s i b i l i t y  f o r  assur ing  the operat ion of ground-based 
f a c i l i t i e s  t o  support  the Mariner Venus 67 t r ack ing  and data 
a c q u i s i t i o n  requirements. These requirements cover launch ve- 
h i c l e  and spacecraf t  telemetry; metr ic  data involving the 
t r ack ing  of the launch vehic le  by C-band radars and the Mariner 
a t  S-band frequencies;  sending of commands t o  the spacecraf t ;  
and real-time transmission of some of these data t o  t h e  Space 
Fl ight  Operations F a c i l i t y  (SFOF) a t  J P L  i n  Pasadena. 

The near-Earth t r a j e c t o r y  requirements are m e t  by se l ec t ed  
f a c i l i t i e s  of the A i r  Force Eastern T e s t  Range during launch 
phase, communications ships on t h e  Atlant ic ,  and NASA's Goddard 
Space Fl ight  Center network of t racking and communications fa- 
c i l i t i e s .  Tra jec tory  of the spacecraf t  from i n j e c t i o n  i n t o  the 
Venus o r b i t  u n t i l  the  end of t h e  mission w i l l  be supported by 
the Deep Space Network ( D S N ) .  

The DSN c o n s i s t s  of space communications s t a t i o n s  on fou r  
cont inents  and on a South At lan t ic  i s l and ;  a spacecraf t  monitor- 
ing s t a t i o n  a t  Cape Kennedy; t h e  Space F l igh t  Operations Fa- 
c i l i t y  a t  JPL; and a ground communications system l ink ing  a l l  
loca t ions .  

Permanent s t a t i o n s ,  placed a t  approximately 120-degree in -  
t e r v a l s  around the Earth, include the  Goldstone Space Communica- 
t i o n s  Complex i n  t he  Mojave Desert, C a l i f  .; two sites i n  Aus- 
tralia,  a t  Woomera and a t  T i d b i n b i l l a  near Canberra; the Robledo 
and Cebreros f ac i l i t i e s  near  Madrid, Spain; and s t a t i o n s  a t  Jo- 
hannesburg, South Africa;  and on Ascension Island. Each is  
equipped with a n  85-foot-diameter parabol ic  antenna, with t h e  
exception o f  the Mars S t a t i o n  at Goldstone (210-foot antenna) 
and Ascension Is land  (30-foot antenna).  The spacecraf t  moni- 
t o r i n g  s t a t i o n  a t  Cape Kennedy is equipped with a four-foot 
antenna. 

The D S N  i s  under the t echn ica l  d i r e c t i o n  of J P L  f o r  NASA's  
Office of Tracking and Data Acquisit ion.  Its mission is  t o  
provide tracking data (spacecraf t  v e l o c i t y  and p o s i t i o n  with 
r e spec t  t o  Earth),  and t o  receive telemetry from and send com- 
mands t o  unmanned l u n a r  and p lane tary  spacecraf t  from the  time 
they are i n j e c t e d  i n t o  o rb i t  u n t i l  they complete t h e i r  missions.  

The ground communications system, used by the DSN f o r  
opera t iona l  con t ro l  and data transmission between the s t a t i o n s  
and the SFOF a t  JPL, i s  part of a larger network, NASCOM, which 
links a l l  of NASA's s t a t i o n s  around the world. NASCOM is under 
the t e c h n i c a l  d i r e c t i o n  of the Goddard Space F l igh t  Center, 
Greenbelt, Md. 
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-29- 

The Goldstone DSN s t a t i o n s  a re  operated by JPL w i t h  the 
a s s i s t a n c e  of the  Bendix F i e l d  Engineering Corp. 

The Woomera and T idb inb i l l a  s t a t i o n s  
Aus t ra l ian  Department of Supply. 

The Johannesburg s t a t i o n  i s  operated 
government through the  National I n s t i t u t e  
Research. 

are operated by the  

by the South African 
f o r  Telecommunications 

A t  Madrid, JPL operates  the two f a c i l i t i e s  under an agree- 
ment with the Spanish government i n  conjunction with the I n s t i -  
t u t o  Nacional de Tecnica Aeroespacial (INTA), and w i t h  support 
from the Bendix F ie ld  Engineering Corp. 

The 1967 Mariner mission t o  Venus w i l l  span a time per iod  
of about fou r  t o  f i v e  months. 
of monitoring the Mariner spacecraf t  continuously. 
s t a t i o n s  provide 360 degrees coverage around the Earth so that 
one o r  more of t h e i r  antennas w i l l  always po in t  toward the 
spacecraf t .  

The Deep Space Network is  capable 
The permanent 

Nerve cen te r  of the network i s  the Space Fl ight  Operations 
F a c i l i t y  a t  JPL. The overseas s t a t i o n s  and Goldstone are linked 
t o  t h e  SFOF by a communications network, allowing t r ack ing  and 
telemetry information t o  be sen t  there f o r  ana lys i s .  

I n  a d d i t i o n  t o  the g i a n t  antennas, each of the s t a t i o n s  of 
the DSN is equipped w i t h  t ransmit t ing,  receiving,  data handling, 
and i n t e r s t a t i o n  cammunication equipment. Microwave frequencies  
(S-band) will  be used i n  a l l  communications w i t h  t h e  Mariner 
spacec ra f t .  

The Pioneer s t a t i o n  a t  Goldstone, along with T idb inb i l l a  
i n  A u s t r a l i a  and Robledo i n  Spain, w i l l  be primary s t a t i o n s  f o r  
the Mariner Venus 67 mission. 
mitter. The Mars s t a t i o n  a t  Goldstone, with i t s  210-foot an- 
tenna and 20,000 watt t r ansmi t t e r  a l s o  w i l l  be used  du r ing  the 
mission, p a r t i c u l a r l y  f o r  monitoring the Mariner spacec ra f t  
du r ing  p l ane t  fly-by. The Ascension I s l and  s t a t i o n  w i l l  track 
the spacec ra f t  during the launch phase. 

Each has a 10,000 watt t r ans -  

Metric data obtained immediately after l i f t o f f  and through 
the near-Earth phase w i l l  be computed at  both the  Real-Time 
Computer F a c i l i t y ,  A i r  Force Eastern T e s t  Range, Cape Kennedy, 
and the Central  Computing F a c i l i t y  i n  the SFOF so tha t  accura te  
p r e d i c t i o n s  can be s e n t  t o  the DSN s t a t i o n s  g iv ing  the loca t ions  
of Mariner i n  the sky when it appears on the horizon. 

S c i e n t i f i c  and engineering measurements radioed from the 
spacecraf t  are received a t  one of the s t a t i o n s ,  recorded on 
tape and simultaneously t ransmi t ted  t o  the  SFOF v i a  high speed 
data l i n e s ,  teletype o r  microwave radio.  
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Incoming information i s  again recorded on magnetic tape 
and en tered  i n t o  the SFOF's computer system f o r  processing. 

S c i e n t i s t s  and engineers seated a t  consoles i n  t h e  SFOF 
have push-button con t ro l  of t h e  displayed information they re- 
q u i r e  e i ther  on TV screens  i n  the consoles o r  on p r o j e c t i o n  
screens  and automatic p l o t t e r s  and p r i n t e r s .  
formation a l s o  is  s t o r e d  i n  the  computer system d i s c  f i l e  and 
is  a v a i l a b l e  on command. 

The processed in -  

The major command center ,  designed f o r  24-hour-a-day func- 

d u r i n g  c r i t i -  

t i o n i n g  and equipped t o  handle two space f l igh t  missions con- 
c u r r e n t l y  while monitoring a third, is  manned by some 250 per- 
sonnel of J P L  and Bendix F i e l d  Engineering Corp, 
c a l  events  -- launch, midcourse maneuver, p l ane t  encounter -- 
of a Mariner mission. 

I n  the SFOFIS Mission Support Area (MSA), monitoring con- 
s o l e s  are set up f o r  the prodect manager, operat ions d i r e c t o r  
i n  charge of the mission, operations manager responsible  f o r  
phys i ca l  operat ion of the SFOF and f o r  r ep resen ta t ives  from 
three support ing t echn ica l  teams -- Space Science Analysis, 
Fl ight  Path Analysis and Spacecraft  Performance Analysis. 

Space Science Analysis i s  respons ib le  for evalua t ion  of 
data from the  s c i e n t i f i c  experiments aboard the spacecraf t  and 
f o r  generatio11 of commands con t ro l l i ng  the experiments. 

Flight P a t h  Analysis is responsible  f o r  eva lua t ion  of 
t r ack ing  data, determination of f l ight  path and generat ion of 
commands a f f e c t i n g  the  t r a j e c t o r y  of t he  spacecraf t .  

Spacecraf t  Performance Analysis eva lua tes  the  condi t ion 
of the spacec ra f t  from engineering data radioed t o  Earth and 
genera tes  commands t o  the spacecraf t  a f f e c t i n g  i t s  performance. 

The D S N  c u r r e n t l y  supports, i n  a d d i t i o n  t o  Mariner Venus, 

Future  p r o j e c t s  include Mariner Mars 1969 and 1971, 

the continued t r ack ing  of Mariner I V  (Earth t o  Mars 1964-65) 
and the missions of the  Surveyor, Lunar O r b i t e r  and Pioneer 
p r o j e c t s .  
Voyager and backup f o r  the  Apollo manned lunar  missions. 
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Mariner Venus 67 w i l l  be launched fran Cape Kennedy a t  a 
s u f f i c i e n t  v e l o c i t y  t o  escape Earth p lus  the  a d d i t i o n a l  velo- 

TRAJECTORY 

I Escape ve loc i ty ,  25,200 miles per hour, would only be su f -  
I f i c i e n t  t o  p lace  a Mariner i n  a solar o r b i t  t h a t  would be near 
, Earth's o r b i t .  The a d d i t i o n a l  veloci ty ,  countering a po r t ion  

of Earth's v e l o c i t y  of 66,000 miles per hour, is  c a r e f u l l y  ca l -  
cu la ted  t o  y ie ld  a s o l a r  o r b i t  t h a t  will cross  the path of Venus 
when Venus w i l l  be a t  a given loca t ion  on Oct. 19, 1967. On that 
a r r i v a l  date t h e  spacecraf t  w i l l  be properly o r i en ted  t o  Venus, 
Earth, and Sun t o  perform its s c i e n t i f i c  experiments,to com- 
municate with Earth and t o  receive power from the Sun. 

The required v e l o c i t y  i s  imparted t o  the spacec ra f t  a t  the 
p o i n t  of i n j e c t i o n  by the second burn of the Agena-D second 
stage motors. T h i s  f i n a l  veloci ty ,  and the i n j e c t i o n  point ,  
v a r i e s  from day t o  day throughout the launch period. Even 
though the a r r i v a l  time and loca t ion  of Venus remains constant, 
the motion of the Earth i n  i t s  solar o r b i t  changes the i n j e c t i o n  
requirements . 

I A t yp ica l  i n j e c t i o n  ve loc i ty  is  25,515 m i l e s  per hour, 
r e l a t i v e  t o  Earth. A t  encounter the  spacecraf t  w i l l  b e  f lying 
past the su r face  of Venus a t  an  estimated 18,440 m i l e s  per hour 
r e l a t i v e  t o  Venus. Ve loc i t i e s  can only be stated i n  the rela- 
t i v e  sense because a body moving within our s o l a r  system w i l l  
be seen moving with d i f f e r e n t  v e l o c i t i e s  t o  two observers i n  
d i f f e r e n t  loca t ions .  

To an  observer on Earth, the v e l o c i t y  of Mariner a t  in -  
j e c t i o n  would be as stated, 25,515 mph. To an  observer on the  
Sun, the v e l o c i t y  of the  spacecraf t  a t  i n j e c t i o n  would be 
72,255 mph. T h i s  is  because t h e  Earth i tself  i s  o r b i t i n g  the 

the i n j e c t i o n  v e l o c i t y  is  imparted t o  the spacec ra f t  a t  i n j e c -  
t i o n .  However, these two q u a n t i t i e s  are added v e c t o r i a l l y ,  o r  
i n  d i f f e r e n t  d i r ec t ions .  Only i f  the  two were i n  the same 
d i r e c t i o n  would the  t o t a l  be 91,515 miles per hour. 

For approximately nine days af ter  i n j e c t i o n ,  t h e  Earth's 
g r a v i t a t i o n a l  a t t r a c t i o n  w i l l  slow the  spacecraf t .  After the 
spacec ra f t  has flown far enough from Earth (about 1,550,000 
miles) so that it is  no longer being slowed down by the Earth's 
p u l l ,  i ts  o r i g i n a l  v e l o c i t y  r e l a t i v e  t o  the Earth of 25,515 mph 
w i l l  have been reduced t o  6,740 mph. 

I Sun a t  a speed of approximately 66,000 mph. This v e l o c i t y  p l u s  
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The speed of Mariner r e l a t i v e  t o  the Sun is now 60,879 mph 
which is less than the  Earth's speed r e l a t i v e  t o  the Sun. I n  
t h i s  sense, Mariner has used up  most of i t s  i n i t i a l  25,515 mph 
t o  escape Earth and the remaining 6,'i'h mph has been used t o  
slow itself down from the o r i g i n a l  speed that it had due t o  t he  
Earth's motion of 66,000 mph. 
mph w i l l  a l low the spacec ra f t  t o  o r b i t  t h e  Sun c l o s e r  than  
Earth and curve inward toward Venus. 

The p re sen t  v e l o c i t y  of 60,879 

A t  launch Venus w i l l  be trailing the  Earth. A t  encounter, 
Venus w i l l  have moved ahead of the slower moving Earth by ap- 
proximately 43,600,000 m i l e s .  

The spacec ra f t  w i l l  fo l low a long curving path around the 
Sun after i n j e c t i o n  covering 212,5OO,OOO m i l e s  before  it en- 
counters  Venus. It w i l l  pass behind Venus a t  encounter, r e l a -  
t i v e  t o  the Earth, t o  a l low t h e  occul ta t ion  experiment. It w i l l  
be behind Venus f o r  approximately 26 minutes. 

Mariner's t r a j e c t o r y  i s  planned t o  pass Venus ahead of i ts  
o r b i t  around the Sun. The configurat ion desired f o r  t he  Venus 
occu l t a t ion  experiments -- the requirement that  the Sun always 
be v i s i b l e  t o  the  spacecraf t  t o  provide power t o  t h e  s o l a r  panels  
and t h a t  the  spacec ra f t  a l t i t u d e  re ference  s tar  Canopus be al- 
ways v i s i b l e  -- led t o  determining a f i x e d  a r r i v a l  geometry f o r  
the Sun, Venus, and Earth and hence a f ixed  a r r i v a l  date, Oct. 
19, 1967. T h i s  simplified the t a sk  of designing t r a j e c t o r i e s  
f o r  the Venus mission. 

The r e s t r i c t i o n s  that t h e  t r a j e c t o r y  engineer must keep i n  
mind i n  designing a s u i t a b l e  t r a j e c t o r y  include, f o r  example, 
t h a t  the f l ight  time must not exceed c e r t a i n  limits imposed by 
the lifetime of the spacec ra f t ;  i n j e c t i o n  v e l o c i t i e s  are bounded 
by the c a p a b i l i t y  of the boost vehicle,  t h u s  a f f e c t i n g  t h e  flight 
time; the Sun must not be occulted from t h e  spacec ra f t ;  the  star 
Canopus must  no t  be occul ted from the spacec ra f t  nor can l ight 
from the p l a n e t ' s  near  limb be close enough t o  a f f e c t  the Canopus 
sensor  mechanism; and encounter must occur d u r i n g  the viewing 
per iod  of the Goldstone s t a t i o n  of the Deep Space Network. En- 
counter  over Goldstone i s  des i red  t o  a l low use of the  new and 
h igh ly  s e n s i t i v e  210-foot diameter antenna, the only 210 i n  the 
t r ack ing  network. Other factors inf luenc ing  the t r a j e c t o r y  in -  
clude the e f f e c t  of s o l a r  wind pressure on the f l i g h t  path;  the 
g r a v i t a t i o n a l  a t t r a c t i o n  of Sun, Earth, Mars, Mercury, Venus, 
and J u p i t e r ;  and a requirement that the encounter ve loc i ty  be 
as low as poss ib le .  
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I n  s e l e c t i n g  an  aiming point  that w i l l  determine the path 
of t h e  spacec ra f t  as it passes  Venus, the t r a j e c t o r y  engineer 
must  a s su re  that t h e  Mariner Will not  impact Venus, i n  order  t o  
prevent contamination of the p lane t  by l i v i n g  Earth organisms. 
The aiming po in t  must a l s o  sat isfy the requirements of the s c i -  
e n t i f i c  experiments aboard t h e  spacecraf t .  It is des i red  that 
the po in t  of c l o s e s t  approach a t  Venus will be 2,000 miles. 

The accuracy of t he  encounter with Venus w i l l  be influenced 
by the  launch accuracy and t h e  midcourse maneuver accuracy. 

Calculat ions after launch will determine i f  the f l i g h t  path 
of the spacec ra f t  is within the c a p a b i l i t y  of the midcourse motor. 
Mariner has the c a p a b i l i t y  of performing two midcourse maneuvers 
i n  the event the first does no t  y i e l d  the des i r ed  accuracy f o r  
encounter. 

The accurac ies  demanded by the launch veh ic l e  and by the 
midcourse motor can be i l lustrated by the  following numbers. 
The i n j e c t i o n  ve loc i ty  can vary only by 30 miles  per hour o r  
the r e s u l t i n g  t r a j e c t o r y  w i l l  not be within the co r rec t ion  ca- 
p a b i l i t y  of t h e  midcourse motor. A t  midcourse maneuver, an 
e r r o r  of one m i l e  per hour in t h e  v e l o c i t y  change w i l l  r e s u l t  
i n  an e r r o r  a t  Venus of 2,000 miles. 
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ATLAS-AGENA D/MARINER VENUS 67 MISSION 

Each day during t h e  launch opportunity there is a space 
of a few hours c a l l e d  t h e  launch window. These times are the 
ou te r  limits of when Mariner-Venus can be launched. The f o l -  
lowing launch windows w i l l  be f u r t h e r  r e f ined  by pre-launch 
t r ack ing  and spacec ra f t  considerations.  

B t e  

June 12 

- 
Window 

Opens 
EM? 

Window 
Closes 
EM' 

1:16 a.m. 3:30 a.m. 

June 13 12:59 a.m. 3 1 7  a.m.  

June 14 12:44 a.m. 3:04 a.m. 

June 15 1 2 9 9  a.m. 2 5 2  a.m. 

June 16 l2 : l5  a.m. 2:40 a.m. 

June 17 12:Ol a.m. 2:29 a.m. 

June 17-18 11:48 p.m. 2:17 a.m. 

June 18-19 11:34 p.m. 2:06 a.m. 

June 19-20 11:22 p.m. 1:55 a.m. 

June 20-21 11:Og p.m. 1:45 a.m. 

June 21-22 l0:57 p.m. 1:34 a .m.  

Atlas F l igh t  

Depending on the  time of day, the f l i g h t  azimuth from 
Launch Complex 12  a t  Cape Kennedy w i l l  vary between 90 and 
114 degrees. 

hour of launch; however, t h e  following f l i g h t  plan i s  represen- 
t a t i v e  of a June 12 launch. 

A l l  launch vehicle  events  vary w i t h  the  day and 

The Atlas engines gimbal t o  achieve the  proper f l i g h t  
azimuth before  the vehic le  p i tches  over. T h i s  is  accomplished 
between two and 15 seconds after l i f t o f f .  

Using p o s i t i o n  and ve loc i ty  radar t racking  data, the  
guirlance computer determines the proper time f o r  the Atlas 
boos ter  erigine t o  cutoff  (BECO) and f o r  s tag ing ,  T h i s  occurs 
approximately two m i n u t e s  a f t e r  l i f t o f f .  

-more- 
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The s u s t a i n e r  and ve rn ie r  engines burn f o r  almost three 
minutes more u n t i l  s u s t a i n e r  engine cu tof f  (SECO). After SECO, 
the  two Atlas ve rn ie r  engines provide f i n a l  a t t i t u d e  pos i t ion-  
i ng  f o r  Atlas/Agena separat ion.  

An extremely important funct ion of the radio guidance sys- 
t e m  is  t o  start  the Agena fl ight sequence timer at the correct 
po in t  on the ascent  t r a j e c t o r y .  After Atlas/Agena separat ion,  
a l l  Agena events  except engine shutdown depend on th i s  event 
timer. The guidance command s igna l  t o  start Agena's timer oc- 
curs  approximately f i v e  minutes i n t o  the Mariner Venus f l ight .  

After ve rn ie r  engine cutoff (VECO) the spacecraf t  shroud 
is j e t t i soned .  
separate from the now spent  A t l a s  booster .  Retrograde rockets  
back the Atlas away as Agena and the Mariner spacecraf t  draw 
free 

Two seconds later the Agena and spacecraf t  

Agena Flight 

The first event for  s t a r t i ng  the Agena engine begins some 
s i x  minutes after l i f t o f f .  Engine t h r u s t  is sensed by the on- 
board v e l o c i t y  meter. When t h e  requi red  velocity-to-be-gained 
(about 4,600 mph) has been reached, the v e l o c i t y  meter shu t s  
down the Agena engine. T h i s  first burn should last approxi- 
mately 135 seconds. 

Agenahar iner  then coas t s  i n  a 115-mile-high c i r c u l a r  
parking o r b i t  u n t i l  reaching t h e  co r rec t  po in t  i n  space t o  re- 
start  and i n j e c t  Mariner on i t s  f i n a l  t r a j e c t o r y  t o  Venus. 
Again, the Agena v e l o c i t y  meter shu t s  down the engine when the 
required velocity-to-be-gained (about 8,000 mph) has been 
achieved. This second Agena burn lasts some 95 seconds. 

A t  the proper time, the Mariner spacecraf t  i s  i n j e c t e d  
on a hyperbolic t r a j e c t o r y  toward Venus. 
s epa ra t ion  occurs a t  a n  a l t i t u d e  of about 240 m i l e s  and a 
v e l o c i t y  of 25,466 mph wi th  a n  allowable e r r o r  of only some 
57 mph. 

T h i s  Agenahar iner  

F i r s t  Spacecraft  Events 

Separat ion from the  Agena, a t  2.6 m i n u t e s  after in j ec t ion ,  
t r i p s  a switch that  in i t ia tes  a series of spacec ra f t  events :  

- Full power i s  appl ied  t o  the spacecraf t  t r ansmi t t e r .  
The t r ansmi t t e r  has been held a t  low power u n t i l  t h i s  
po in t  t o  prevent damaging high vol tage a rc ing  that  can 
occur ir, a c r i t i c a l  region between l5O,OOO t o  25O,OOO 
fee t  a l t i tude .  
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- The s c i e n t i f i c  experiments are turned on. 

- The c e n t r a l  computer and sequencer outputs  are enabled, 

- A turn-off command is  s e n t  t o  t h e  tape recorder .  The 
recorder  i s  r m n i n g  during launch t o  keep tens ion  02 
the tape t o  prevent unwinding and sna r l ing  of the  tape  
from the  v ib ra t ion  of launch. 

- An i n h i b i t  i s  removed f ron  the plasma probe experiment 
allowing app l i ca t ion  of 10,000 v o l t s  t o  the  plasma sen- 
s o r .  The i n h i b i t  i s  appl ied t o  prevent high vol tage 
arcing.  

Separat ion a l s o  releases a pyrotechnic arming switch which 
t u r n s  on the a t t i t u d e  con t ro l  system and f i res  explosive squibs,  
thus  allowing the  s o l a r  panels  t o  b e  deployed. 

A t iming device i s  a l s o  ac t iva t ed  by separat ion.  The timer 
i n i t i a t e s  a back-up command t o  arm the pyrotechnics and then 
commands s o l a r  panel deployment. The f i r i n g  of s q u i b s  unlocks 
the f o u r  panels  which are then deployed by spr ings.  The sun- 
shade on the  sunward side of the spacecraf t  i s  a l s o  deployed by 
the unfolding of the s o l a r  panels.  

The c e n t r a l  computer and sequencer g ives  a backup command 
f o r  panel  deployment and f o r  turn-on of t h e  a t t i t u d e  con t ro l  
subsystem. 

Sun and Canopus Acquisit ion 

Sun a c q u i s i t i o n  i s  the next event and w i l l  be completed 
within approximately 20 minutes af ter  deployment of the panels.  
Sun sensors ,  l inked by log ic  c i r c u i t r y  t o  the a t t i t u d e  jets, w i l l  
i n i t i a t e  commands t o  f i r e  the je ts  i n  order  t o  t u r n  the space- 
c r a f t  with the panels  facing the Sun. Once the panels  are il- 
luminated by t h e  Sun they begin converting s o l a r  energy t o  e lec-  
t r ica l  energy t o  operate  the  spacecraf t .  Un t i l  t h i s  time power 
has been provided by a ba t te ry .  

The next event i s  acqu i s i t i on  of Canopus, the br ightes t  
star i n  the Southern hemisphere. Locking the  Canopus sensor 
on the  s tar  provides spacecraf t  s t a b i l i z a t i o n  about t he  r o l l  
axis. This event occurs about 16 hours a f t e r  launch. The com- 
mand t o  begin t h e  r o l l  search f o r  Canopus i s  given by t h e  cen- 
t ra l  computer and sequencer, The spacecraf t  w i l l  r o l l  slowly 
w i t h  the  Canopus sensor report ing l i g h t  i n t e n s i t i e s  f o r  each 
s t a r  that appears i n  i t s  f i e l d  of view. T h i s  data w i l l  be t r a n s -  
lated i n t o  a graph i n  t h e  Space F l i g h t  Operations F a c i l i t y  i n  
order  to a s c e r t a i n  t h e  loca t ion  of Canopus i n  r e l a t i o n  to the  
sensor.  A t  the  t i m e  the  roll search begins the d i r e c t i o n  tha t  
the sensor  i s  point ing w i l l  be uncertain.  
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The graph w i l l  provide a reference and assure tha t ,  when 
a c q u i s i t i o n  i s  complete, the sensor is locked on t o  Canopus 
and not  some o ther  star. 

Midcourse Maneuver 

midcourse maneuver i n  which the f l i g h t  path i s  corrected t o  
e l imina te  aiming point  b ias , inherent  launch e r r o r s  and a r r i v a l  
time e r r o r s .  Midcourse can be performed from two t o  10days 
a f t e r  launch a t  t h e  d i s c r e t i o n  of the p r o j e c t  o f f i c i a l s .  

Mariner w i l l  continue i n  t h i s  c ru i se  a t t i t u d e  u n t i l  the  

The commands f o r  t h e  t iming of t he  p i t c h  turn,  roll t u r n  
and motor f i r i n g  are t ransmit ted from Earth and s tored  i n  the 
c e n t r a l  computer and sequencer. P r io r  t o  i n i t i a t i n g  t h e  tu rns  
a n  i n h i b i t  i s  removed from the propulsion system, the gyros 
are warmed up, and the required telemetry mode i s  commanded. 
Coincident w i t h  p i tch- turn  start  t h e  spacecraf t  is  put  on in-  
e r t i a l  cont ro l .  The a u t o p i l o t  i s  turned on and the  Canopus 
sensor  turned off'. 

Analysis of the  t r a j e c t o r y  a f t e r  launch w i l l  have pro- 
vided the  proper d i r e c t i o n  f o r  po in t ing  t h e  midcourse motor 
t o  a l t e r  the t r a j e c t o r y  and the required b u r n  time f o r  the 
motor. The spacecraf t  w i l l  perform a p i t c h  turn,  then a roll 
t o  po in t  the motor properly.  After motor burn the  spacecraf t  
w i l l  again automatical ly  seek the Sun and Canopus. 
t o r y  of a spacecrai 't  i n  space is determined by p o s i t i o n  and 
ve loc i ty .  Alter ing the ve loc i ty  w i l l  change the t r a j e c t o r y .  

The t r a j e c -  

Subsequent t racking  w i l l  determine i f  t h e  desired new 
t r a j e c t o r y  has been achieved. If not,  a second midcourse 
maneuver can be performed. 

Assuming the  t r a j e c t o r y  has  been achieved, Mariner i s  
aga in  i n  the c ru i se  a t t i t u d e ,  it i s  t r ansmi t t i ng  s c i e n t i f i c  
and engineering data t o  Earth a t  33 l/3 b i t s  pe r  second and 
w i l l  continue i n  t h i s  fash ion  u n t i l  the  encounter sequence 
a t  Venus, w i t h  a few exceptions.  A s  t h e  spacecraf t  draws 
away from Earth i t  will. be necessary t o  reduce the b i t  rate 
t o  8 l/3 b i t s  per  second and a t  four  times during the f l i g h t  
t h e  d i r e c t i o n  i n  which the  Canopus sensor looks w i l l  be ad- 
j u s t e d  t o  compensate f o r  the changing angle  between space- 
c r a f t  and star. The a d j u s t m e n t  is  made e l e c t r o n i c a l l y ,  t h e  
sensor  i s  not moved. 
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Encounter Sequence 

After approximately 33 months of f l i g h t  Mariner w i l l  be 
approaching Venus and t h e  encounter sequence w i l l  begin. De- 
f i n i n g  encounter as the poin t  of c l o s e s t  approach t o  the p lane t ,  
the encounter sequence w i l l  be i n i t i a t e d  a t  encounter minus 
12 2/3 hours.  The t o t a l  t i m e  f o r  t h e  encounter sequence i s  
26 2/3 hours.  

The first commands t o  prepare the  spacecraf t  f o r  en- 
counter w i l l  be i s sued  by the CC&S to t u r n  on the tape re- 
corder  (power only, no t  recording),  and t u r n  on the terminator  
sensor.  

The tape recorder  w i l l  be  u s e d  during the f lyby  f o r  ap- 
proximately two hours. High r a t e  data Srom the dua l  frequency 
r e c e i v e r  experiment, t he  u l t r a v i o l e t  photometer and the  trapped 
r a d i a t i o n  de tec to r  as w e l l  as normal real-time data from a l l  
instruments  w i l l  be recorded o n t r a c k  one through the  data 
automation system. During the Central  13 hours of t h i s  period, 
data from the dual  frequency experiment will be recorded on 
track two. Data w i l l  be recorded on each t r a c k  a t  a rate of 
66 2/3 b i t s  per second. (The telemetry transmission rate from 
the  spacecraf t  i s  only 8 l/3 b i t s  per second a t  encounter 
n e c e s s i t a t i n g  data s torage  on t ape , )  
s to rage  capac i ty  of one mi l l i on  b i t s .  

The tape recorder  has a 

The terminator  sensor w i l l  be used during the  occu l t a t ion  
t o  d e t e c t  t h e  poin t  i n  time when t h e  spacecraf t  c rosses  the 
l i n e  between nighttime and daylight on Venus. Detection o f  
the  terminator  w i l l  generate  a s igna l  t o  switch t h e  antenna 
p o s i t i o n  t o  compensate f o r  bending o f  t h e  r a d i o  waves by the 
Venus atmosphere. T h i s  i s  required t o  p e r m i t  recept ion  of 
r a d i o  s i g n a l s  as the spacecraf t  emerges from behind t h e  p lane t .  

A t  s i x  hours p r i o r  t o  poin t  of c l o s e s t  approach t h e  CCAS 
w i l l  o rder  t he  data automation system (DAS)  t o  switch t o  Data 
Mode 3 which e l imina tes  transmission of engineering informa- 
t i o n  allowing the e n t i r e  format t o  be used f o r  sc ience  data. 
T h i s  command is  backed up  by the  t ransmission from Earth of 
a d i r e c t  command. The p l ane t  sensor i s  a l s o  turned on a t  t h i s  
po in t  and the plasma probe is  switched t o  the  encounter mode. 

A t  encounter minus approximately t h r e e  hours a command 
is  t ransmi t ted  from Earth t o  a c t i v a t e  Timer A i n  the  DAS. 
Timer A, e s s e n t i a l l y  a counter,  will i s s u e  backup commands 
f o r  c r i t i c a l  events  throughout encounter. 
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Detection of the p lane t  by the p l ane t  
a t  approximately 60 minutes before c l o s e s t  
i n i t i a t e  commands order ing the u l t r a v i o l e t  

sensor w i l l  occur 
approach, and w i l l  
photometer c a l i b r a t e  

sequences t o  be inhibited; increase the sampling rate from the  
u l t r a v i o l e t  photometer, the trapped r a d i a t i o n  de tec to r  and dua l  
frequency r e c e i v e r , s t a r t  t he  recording of t h i s  data on t rack 
one and start Timer B i n  the  DAS. Timer B w i l l  order  tape re- 
cording of data from t h e  dual  frequency r ece ive r  13.75 minutes 
la ter  and Timer A w i l l  i s s u e  a backup t o  t h i s  command. 

A t  encounter minus about f i v e  minutes, the  spacecraf t  w i l l  
e n t e r  the Earth occu l t a t ion  zone and, as seen from Earth, w i l l  
d isappear  behind the  p lane t .  
proach the  terminator  sensor w i l l  i n i t i a t e  the command t o  change 
the  antenna pos i t i on .  T h i s  command goes t o  the  pyrotechnic sub- 
system. An explosive squ ib  i s  f i red allowing the antenna t o  
switch. Timer A w i l l  i s s u e  a backup command t o  t h e  pyrotechnic 
subsystem f o r  t h i s  event. 

Eight minutes after c l o s e s t  ap- 

Mariner w i l l  e x i t  occu l t a t ion  and aga in  be i n  v iew of 
Earth s t a t i o n s  approximately 21 minutes a f t e r  c l o s e s t  approach 
g i v i n g  a t o t a l  occu l t a t ion  time of an estimated 26 minutes, 
Earth t r ack ing  s t a t i o n s  w i l l  lockup on the  spacecraf t  t r ans -  
m i t t e r  as soon as poss ib l e  a f t e r  occu l t a t ion  i n  order  t o  record 
a d d i t i o n a l  data on the atmosphere from t h e  experiments. 

Approximately 50 minutes later the  T imer  B i n  t h e  DAS s tops  
sending dua l  frequency rece iver  data t o  t r a c k  two of t h e  tape 
recorder .  Recording of t r z c k  one data continues about nine 
minutes  longer u n t i l  t he  
by an end-of-tape s i g n a l  
sequence. 

A few minates later 
tem w i l l  switch t h e  data 
rnand from Earth) ,  send a 

tape  recorder  is  stopped automatical ly  
marking t h e  end of t he  data s torage  

Timer B i n  t h a t  data a u t m a t i o n  sys- 
encoder t o  Mode 2 (with a backup com- 
s e r i e s  of stor>-taDe commands as a 

backup t o  the  end-of -tape s igna l ,  turn- off- the p l ane t  sensor  
and command the photoneter and plasma probe back t o  the c r u i s e  
mode. Timer A w i l l  i s sue  a backup command for a l l  these events.  

Fourteen ho*a?s a f t e r  encounter the  spacecraf t  w i l l  be 
readied f o r  t he  playback of the  science data recorded during 
the  flyby. The CC&S w i l l  i s sue  a comnand t o  switch t o  data 
Mode 4 t o  start  the  playback. A backup command from Earth 
w i l l  a l s o  be sent. Abwdt 18 hours later the tape recorder  
w i l l  be commanded t o  switch t r acks  by an end-of-tape s i g n a l  
or by backup command frorn Earth. 
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The playback sequence cons i s t s  of about 17 nours of 
sc ience  data from t r ack  one, two hours of real  time engi- 
neer ing data from t h e  spacecraf t  te lemetry system and 14 
more hours of recorded science data from t r ack  two. I f  
t r a c k  two i s  played back first,  the t i n i n g  i s  reversed. The 
real  time sampling of engineering data between the  readout 
of each of the t r acks  i s  required for Deep Space Metwork 
opera t iona l  purposes and t o  provide information on t h e  con- 
d i t i o n  of systems aboard the  spacecraf t .  

Additional playbacks of t he  recorded data are opt ional  
and can be cont ro l led  by ground commands. 

Complete recovery of t h e  s tored  data will s a t i s f y  t h e  
primary mission object ive.  An a d d i t i o n a l  des i r ed  r e s u l t  is 
t he  recept ion  of da t a  as c lose  t o  the Sun as poss ib le  as the 
spacec ra f t  t r a j e c t o r y ,  altered by the mass of Venus, w i l l  
c a r ry  t h e  spacecraf t  nearer  the Sun. This w i l l  be governed 
by the  e f f e c t  of increasing temperatures on the spacecraf t .  
The p o i n t  a t  which increas ing  temperature w i l l  a f f e c t  the 
operat ion of the spacecraf t  i s  uncertain.  The mission could 
a l s o  be terminated by the effect  of t h e  spacec ra f t ' s  motion 
poin t ing  the high ga in  antenna away from Earth. 
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MARINER VENUS 67 TEAM 

The National Aeronautics and Space Administration's pro- 
grams f o r  unmanned inves t iga t ion  of space are d i r ec t ed  by D r .  
Homer E. Newell, Associate Administrator f o r  Space Science and 
Applications (OSSA) . H i s  deputy i s  Edgar M. Cortright.  Within 
OSSA, Oran W. Nicks is  t h e  Act ing Director  of t he  Lunar and 
Planetary Programs Division, and Glenn A. Reiff i s  the Mariner 
57 Program Manager. Associated w i t h  R e i f f  are C. P. Wilson, 
Mariner program engineer;  and Donald P. Easter, program s c i -  
e n t i s t .  Joseph B. Mahon i s  Agena Program Manager f o r  OSSA'S 
Launch Vehicle and Propulsion Programs. 

NASA has assigned Mariner p ro j ec t  management t o  the  J e t  
Propulsion Laboratory, Pasadena, which is  operated by the 
Cal i forn ia  I n s t i t u t e  of Technology. Dr.  W i l l i a m  H. Pickering 
i s  the  Director  of JPL. Deputy Director of the Laboratory i s  
A .  R. Luedecke and Ass is tan t  Director Robert J. Parks heads 
JPLIs  lunar  and p lane tary  pro jec ts .  Dr .  Eberhardt Rechtin i s  
Ass is tan t  Director  f o r  Tracking and Data Acquisit ion.  

Dan Schneiderman i s  Mariner Pro jec t  Manager, H i s  assis- 
t a n t  p r o j e c t  manager is  Theodore H. Parker. Pro jec t  planning 
and con t ro l  i s  under the  d i r ec t ion  of David E. Shaw. Francis 
Fairfield i s  i n  charge of resource planning. I n  a staff capa- 
c i ty ,  Norman R. Haynes is i n  charge of mission ana lys i s  and 
planning, and Alan S .  Hirshberg i s  launch planning ana lys t .  Dr. 
Conway W. Snyder i s  Mariner P r o j e c t  S c i e n t i s t .  

The p r o j e c t  i s  divided i n t o  four  systems: 

Spacecraf t  
Mission Operations 
Tracking and Data Acquisit ion 
Launch Vehicle 

The f irst  three systems are assigned t o  t h e  Je t  Propul- 
s i o n  Laboratory. The fou r th  i s  assigned t o  N A S A ' s  L e w i s  Re-  
search Center, Cleveland, fo r  the Atlas-Agena launch vehicle .  
Dr. Abe S i l v e r s t e i n  i s  the  Director of L e w i s  Research Center. 
Bruce T. Lundin i s  Associate Director f o r  Development and Dr.  
Seymour C. Himmel i s  Assis tant  Director f o r  Launch Vehicles. 
Launch operat ions for Lewis a re  directed by Kennedy Space Center 
(Unmanned Launch Operations) a t  Cape Kennedy. 

A few of the  many key personnel f o r  each of the  systems 
are l i s t ed .  
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A l l e n  E. Wo7fe 

A l l a n  G. Conrad 

Milton T. Goldfine 

James Maclay 

L. Kenneth Tate 

Fraidc H. Wright 

A. Nash W i l l i a m s  

John J. Paulson 

Thomas C. Sorensen 

Joseph L. Savino 

Jay  D. Schmuecker 

R u s s  S t o t t  

Carl L. Th ie l e  

Thomas A. Groudle 

G. Wade Earle 

David W. Douglas 

W i l l i a m  E. Kirhofer 

Harold J. Gordon 

Wilbur J .  Scholey 

Ronald F. Draper 

Harold E. MacDonald 

Spaceciv-f"; System Maiiager 

Spacecraf t  System Engineer 

Spacecraf t  Operations Manager 

Environmental Requirements 
Engineer 

Q u a l i t y  Assurance Engineer 

R e l i a b i l i t y  Programs 

Spacecraft/Launch Vehicle 
In t eg ra t ion  

Space Science 

Spacecraf t  Telecommunications 

Spacecraf t  Guidance and Control 

Spacecraf t  Engineering Mechanics 

Data Xandling 

Environmental Simulation 
Support 

Post- inject ion Propulsion and 
Pyrotechnics 

Spacecraf t  Test  Conductor 

Mission Operations System 
Manager 

Spacef l igh t  Operation Director  

F l i g h t  Path Analysis and 
Command Director  

Data Processing Operations 
Direct  o r  

Spacecraf t  Performance Analysis 
and Command Director  . 

Space Science Analysis Director  
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Dr. Nicholas A. Renzet t i  Tracking and Data Acquisit ion 

Meredith S .  Glenn A s s i s t a n t  TDS Manager 

Richard P. Laeser DSN Pro jec t  Engineer  

H. Warren Plohr Launch Vehicle System Manager 

Elmer H. Davison A s s i s t a n t  Launch Vehicle System 

Hoy K. Hackbarth Pro jec t  Engineer 

Donald E. Forney Field Engineering Branch 

Robert H. Gray Chief' of Unmanned Launch 

Harold Zweigbaum Manager of Atlas-Agena Launch 

Sys tern Manager 

Manager 

Operations (KSC) 

Operations ( KSC/ULO) 

Deep Space Network 

Dr .  Eberhardt Rechtin 

Dr. N. A. Renzet t i  

Walter E. Larkin 

Dennis Wi l l sh i r  

Robert A. Leslie 

Richard Fahnestock 

Doug Hogg 

Robert Terbeck 

D r .  Manuel Baut i s ta  Aranda 

Donald Meyer 

Joe Feary 

P h i l  Tardani  

JPL's A s s i s t a n t  Director  for  
Tracking & Data Acquisit ion 

Tracking and IBta System Manager 
for t h e  Mariner Venus Pro jec t  

Manager of the Goldstone complex 

Woomera s t a t i o n  manager 

T idb inb i l l a  s t a t i o n  manager 

J P L  D S N  r e s iden t  i n  A u s t r a l i a  

Johannesburg s t a t i o n  manager 

JPL DSN r e s i d e n t  i n  Johannesburg 

Spanish S t a t i o n  Director  

J P L  manager a t  Robledo f a c i l i t y  

JPL manager a t  Cebreros f a c i l i t y  

JPL DSN res ident  i n  Madrid 

-more - 



-44- 

Launch Vehicle Contractors 

The Atlas, designed and b u i l t  by General Dynamics/Convzrir 
(GD/C), San Diego, Calif  . , i s  purchased through the Space Sys- 
tems Division of the U.S. A i r  Force Systems Command. Rocketdyne 
Division of North American Aviation, Inc., of Canoga Park, 
Calif., b u i l d s  t h e  propulsion system. Radio command guidance 
i s  by the Defense Division of General E l e c t r i c  Co. and ground 
guidance computer by the Burroughs Corp. 

Some of the key General Dynamics personnel are Grant L. 
Hansen, v i c e  pres ident  and program d i r e c t o r  f o r  space launch 
vehic les ;  Jim Von Der Wische, p ro j ec t  manager f o r  the  Mariner 
mission; K. E. Newton, manager of ETR launch operat ions;  Orior 
H. Reed, chief of launch operations;  and Tom Chitty,  launch 
conductor. 

The Agena D stage and i ts  mission modifications are p u r -  
chased direct ly  by the L e w i s  Center from Lockheed Missiles and 
Space Co. (WSC), Sunnyvale, C a l i f  . B e l l  Aerosystems Co., 
Buffalo, N.Y., provides the propulsion system. Ray C. Kent is  
a s s i s t a n t  genera l  manager of DISC f o r  medium space vehic les ;  
John J. Kennelly, LMSC program mamger f o r  NASA satel l i tes  and 
probes; Malcolm E. Avery, chief system engineer ,  Mariner pro- 
gram; and Bud Zeller i s  Agena t e s t  d i r e c t o r .  

Spacecraft  Subcontractors 

A list of some key subcontractors t o  the Je t  Propulsion 
Laboratory who provided instruments and hardware f o r  t he  
Mariner Venus 67 follows. Many of t he  i t e m s  were procured f o r  
the Mariner Mars 64 mission and some have been modified o r  re- 
worked f o r  t h i s  appl ica t ion .  

Advanced S t ruc tu res  Division 
Whittaker Corp. 
La Mesa, Calif. 

Airrite Products 
Division of Electrada Corp. 
Los Angeles, Calif. 

Alpha-Tronics Corp . 
Monrovia, Calif 

Anadite Co. 
Los Angeles, Calif. 

spacecraf t  hi-gain 
antennas 

midcourse propulsion 
f u e l  tanks, ni t rogen 
tanks 

data automation sub- 
system analog-to-pulse 
width converters  

sur face  treatment of 
s t r u c t u r a l  elements and 
chass i s  

-more - 
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Anchor Plating Co. 
El Monte, Calif. 

Applied Development Corp. 
ADC Product Division 
Canoga Electronics 
Chatsworth, Calif. 

Astrodata, Inc . 
Anaheim, Calif . 

Bendix Corp. 
Scintilla Division 
Santa Ana, C a l i f ' .  

Bergman Manufacturing Co. 
San Rafael, Calif. 

Cannon Electric Co. 
Los Angeles, Calif. 

CBS Laboratories 
Division of Columbia Broadcasting 
System, Inc. 

Stamford, Conn. 

Cinch Manufacturing Co. 
Chicago, Ill. 

Computer Control Co., Inc. 
E'ramingham, Mass . 
Correlated Data Systems Corp. 
Glendale, Calif. 

Data-tronix Corp. 
King of Prussia, Pa. 

Digital Equipment Corp . 
Los Angeles, Calif. 

Dunlap & Whitehead Manufacturing Co. 
Van Nuys, Calif. 

gold plating 

ground telemetry de- 
commutators, printer- 
programmers 

ground command read-write- 
veri0 equipment, encoder 
simulator, and data input 
subsystem for spacecraft 
system test data system 

connectors 

chassis forgings 

connectors 

image dissector tubes for 
Canopus star sensor 

connectors 

logic cards for science 
operations support 
equipment 

spacecraft external power 
source and solar panel 
simulators 

ground telemetry voltage 
controlled oscillators 

data automation subsystem 
operations support equipment 

midcourse propulsion and 
structural elements 

-more- 
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Dynamics Instrumentation CO. 
Monterey Park, Calif. 

The Electric Storage Battery Co. 
Raleigh, N.C. 

Electro-Development Co. 
Division of Teledyne Precision 
Van Nuys, C a l i f .  

Electro-Instruments, Inc. 
Glendale, Calif. 

Electro-Mechanical Research 
Princeton Junction, N.J, 

Electro-Optical Systems, Inc. 
Pasadena, Calif 

Electronic Memories, Inc 
Los Angeles, Calif. 

Engineered Magnetics 
Division of Gulton Industries, Inc. 
Hawthorne, Calif . 
Fargo Rubber Co. 
Los Angeles, Calif. 

Franklin Electronics 
Bridgeport, Pa. 

Grindley Manufacturing Co. 
Los Angeles, Calif. 

Hi-Shear Corp . 
Torrance, Calif . 
Hughes Aircraft Co. 
Microwave Tube Division 
Los Angeles, Calif. 

International Data Systems, Inc. 
Dallas, Tex. 

ground telemetry sets 

batteries 

battery chargers 

power subsystem opera- 
tional support equipment 

ultraviolet photometer 
photomultiplier tubes 

solar panels, rework and 
test of power subsystems 

central computer and se- 
quencer magnetic counter 
assemblies 

radio power amplifier 
power supplies and data 
automation subsystem AC- 
to-DC power converters 

midcourse propulsion fuel 
tank bladders 

ground telemetry high 
speed digital printers 

midcourse propulsion jet 
vanes, fuel manifolds, 
oxidizer tank shell and 
supports 

pyrotechnic subsystem 
squibs 

radio subsystem traveling 
wave tubes 

ground command modulation 
checker, groilnd te1emdx-y 
power supplies 

-more- 
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Kearfot t  Division 
General  Precision, Inc . 
Lo3 Angeles, Calif. 

Labko S c i e n t i f i c ,  Inc. 
S t i l l w a t e r ,  Okla. 

gyroscopes, j e t  vane 
actaators 

u l t r a v i o l e t  photometers 

L i t t o n  Systems, Inc. data automation sub- 
Guidance and Control Systems 

Woodland H i l l s ,  Calif . 
systems and associated 

Division bench checkout equipment 

Lockheed Elec t ronics  Co. c e n t r a l  computer and se- 
Mvis ion of Lockheed Aircraft Co. quencer magnetic shift 
Los Angeles, Calif. registers 

Magnami 11 
Los Angeles, C a l i f .  

s t m c t  u r a l  elements 
and chass i s  

Mas actchuse t t s Ins  tit u t e  of Technology 
Division of Sponsored Research 
Cambridge, Mass. 

plasma probes 

Maurjr Microwave Corp. 
Montclair ,  C a l i f .  

Metal Bellows Corp. 
Chatsworth, Calif . 
Millbore Co. 
Glendale, C a l i f  . 
Mincom Division 
Minnesota Mining and Xanufacturing 

Caramillo, Calif . co . 
Motorola, Inc . 
Mil i t a ry  Elec t ronics  Division 
Scot t sda le ,  Ariz. 

fiJorthrop Corp . 
Florthrog Space Laboratories 
Hawthorne, Calif. 

hi-gain and lo-gain 
antenna monitors, rf 
d i r e c t i o n a l  couplers, 
TWT a t t enua to r s  

midcourse propulsion 
oxid izer  bellows assembly 

midcourse propulsion 
engine components 

groxnd te lemetry tape 
recorders  

r a d i o  subsystem t r a n s -  
ponders, coimand sub- 
systems and assoc ia ted  
opera t iona l  support  
equipment 

screening inspect ion of 
e l e c t r o n i c  component parts 

-more- 
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Optical  Coating Laboratory 
Santa Rosa, Calif. 

s o l a r  c e l l  cover slips 

Phi lco Corp. 
Palo Alto, Calif. 

i n t eg ra t ed  c i r c u i t  sequence 
generator  system, antenna 
feeds 

Proto Spec 
Pasadena, Calif 

chass i s  and subchassis 

Pyrotechnics,  Inc . 
Santa Fe Springs, Calif. 

midcourse propulsion ex- 
plosive-actuated valves 

Rantec Corp. 
Calabasas, Calif 

r ad io  subsystem c i r c u l a t o r  
switches,  p re-se lec t ion  and 
band pass f i l t e r s  

Raymond Engineering Laboratory, Inc. 
Middletown, Conn. 

spacecraf t  tape recorders  

Ryan Aeronautical  Co. 
San Diego, Calif. 

s o l a r  panel s t r u c t u r e s  

Siemens and Halske AG 
Munich, West Germany 

r ad io  amplifier tubes 

S igne t i c s  Corp. 
Palo Alto, C a l i f .  

in tegrated c i r c u i t s  

Sperry U t a h  Co. 
Division of Sperry Hand Corp. 
Salt Lake City, Utah 

magnetometer mapping 
f i x t u r e  

Stanford University 
Stanford,  Calif. 

d u a l  frequency r ece ive r s  

Universi ty  of Iowa 
Iowa City, Iowa 

trapped r a d i a t i o n  
de tec to r s  

Sterer Engineering and 

North Hollywood, Calif . Manufacturing Co. 
a t t i t u d e  cont ro l  gas 
system valves and 
r egu la to r s  

Texas Instruments, Inc . 
Apparatus Division 
Dallas, Tex. 

spacecraf t  tape recorder  
e l ec t ron ic s ,  data encoders 
and assoc ia ted  opera t iona l  
support  equipment, helium 
magnetometers, a t t i t u d e  
con t ro l  gyro e l e c t r o n i c s  
assemblies, data 
demodulators 

-more- 



Textron E l e  dxonics ,  Inc . 
Heliotek Division 
Sylmar, Calif . 
Trans-Sonics 
Burlington, Mass. 

TRW Systems, Inc. 
Redondo Beach, Calif. 

Universi ty  of Colorado 
Boulder, Colo. 

Wems, Inc. 
Hawthorne, Calif . 
Wyman Gordon Corp. 
Los Angeles, Calif. 
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1 s i l i c o n  photovol ta ic  
s o l a r  c e l l s  

telemetry pressure  and 
temperature t ransducers  

c e n t r a l  computer and se- 
quencer and assoc ia ted  
opera t iona l  support  equip- 
ment, thermal con t ro l  
louvers  - 

c a l i b r a t i o n  of u l t r a -  
v i o l e t  photometers 

data automation subsystem 
analog-to-pulse width con- 
ve r t e r s ,  a t t i t u d e  con t ro l  
e l e c t r o n i c  modules 

s t r u c t u r a l  forgings 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION W O  2-4155 

WASHINGTON, D .C .20546 TELS* W O  3-6925 

FOR RELEASE: SUNDAY 

N E W S  # 
June 4, 1967 

RELEASE NO: 67-124-A 

NOTE TO EDITORS: 

Since the enclosed press k i t  on the launch of Mariner 

Venus 67 was pr in ted ,  a decis ion was made t o  change the 

launch date. 

The launch period w i l l  begin on June 14, 1967, not an 

June 12 as stated. 

The change was made when t r a j e c t o r y  engineers ca lcu la ted  

that the later launch date would improve the o r b i t  a t  the 

encounter w i t h  the p lane t  for obta in ing  s c i e n t i f i c  informa- 

t ion. 

-end - 
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